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TO: NDA 50-790 Restasis® (cyclosporine)
FROM: David Roeder, Assoqatg-Birector of Regulatory Affairs, Office of Drug
Evaluation IV G%\ < ~,4/Z1___. 12/05/2 3

Edward Cox, MD, MPH, Acting Director, Office of Drug Evaluation IV
e 11 13[0 3
RE: Review of the Administrative Record Related to the Classification of
Antibiotic Drugs Approved for Non-Antimicrobial Indications

DATE: December 18; 2003

QUALIFICATIONS

Mr. Roeder has a Masters Degree in Plant Pathology (specializing in the molecular
biology of bacterial plant pathogens). He has five years of experience as a research
scientist in laboratories that studied human plasma proteins. Mr. Roeder has worked as a
regulatory specialist in the Center for Drug Evaluation and Research (CDER) at the Food
and Drug Administration (FDA) for more than 13 years. He spent the first 10 years at the
agency as a Regulatory Health Project Manager in the Division of Cardiovascular and
Renal Drug Products, and for the past three years he has held the position of Associate
Director for Regulatory Affairs in the Office of Drug Evaluation IV (ODE IV). ODE IV
has oversight over scientific and regulatory review of investigational new drug
applications (INDs) and new drug applications (NDAs) for drug products indicated for
antimicrobial use and drug products that are indicated for immosuppressive use
(including cyclosporine formulations for systemic use) in recipients of solid organ
transplants. The Office of Drug Evaluation V has primary oversight for, among other
things, drug products (either antimicrobial or immunosuppressive) that are indicated for
dermatologic or ophthalmologic indications or that are marketed over-the-counter.

Dr. Cox’s educational background includes a Bachelor of Arts degree in Chemistry from
the University of North Carolina at Chapel Hill, a Doctor of Medicine (M.D.) degree
from the University of North Carolina School of Medicine, a Master of Public Health
degree from the Johns Hopkins University. Dr. Cox completed an internship and
residency in Internal Medicine at the Hospital of the University of Pennsylvania in
Philadelphia. He then went on to complete a fellowship in Infectious Diseases at the
National Institute of Allergy and Infectious Diseases at the National Institutes of Health
in Bethesda, Maryland. Dr. Cox practiced clinical infectious diseases for two years. He
has been with the FDA for over five years. He has served as a Medical Officer and a
Medical Team Leader in the Division of Special Pathogen and Immunologic Drug
Products within FDA's CDER. He became Deputy Director of ODE IV within FDA's
CDER in February of 2003. He is currently serving as Acting Director of ODE IV. Dr.
Cox is certified by the American Board of Internal Medicine in both Internal Medicine
and Infectious Disease.
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PURPOSE OF THIS REVIEW

The purpose of this document is to summarize the nature and extent of our review of
FDA'’s classification of cyclosporine and other drugs as antibiotic drugs (i.e., drugs that
are classified as antibiotic drugs, but are not approved for antimicrobial uses). This group
of drugs includes a number of antibiotic drugs approved for the treatment of cancers and
immunosuppressive drugs that the FDA has determined meet the statutory definition of
“antibiotic drug” under former section 507 of the Federal Food, Drug, and Cosmetic Act
(FD&C Act) or current section 201(jj) of the FD&C Act and have therefore been
classified as antibiotic drugs by the FDA.

Below we first set forth the documents we examined in performing this review. The next
section sets forth the reasons why we believe Dr. Ramsey's 1994 conclusion that
cyclosporine is an antibiotic drug substance is based on reasonable factors and a
reasonable assessment of those factors. The decision to classify cyclosporine, and
therefore Restasis, which contains cyclosporine as its active ingredient, as an antibiotic
drug is consistent with our decisions to classify other antibiotic drugs without regard to
whether the antibiotic drug is approved for antimicrobial uses. In the final section we
briefly cite some of the points with regard to the materials submitted on behalf of
Allergan.

DOCUMENTS SEARCHED AND/OR REVIEWED
We reviewed the following:

1. Selected portions of the NDA files for all NDAs for antibiotic drugs for the treatment
of cancers and antibiotic drugs that are immunosuppressive that were regulated under
former section 507 of the FD&C Act. By “selected portions,” we mean all available
documents that were generated by the FDA (i.e., reviews, memoranda, letters,
minutes of meetings) during the review of the original NDA submission. In cases
where there were signals that discussions relating to a drug’s classification as an
antibiotic may have occurred after approval, the review was expanded to cover that
period. This review included the following NDAs:

Approved Antibiotic Drugs for the Treatment of Cancers

NDA 50-109: Mithracin (plicamycin)

NDA 50-443: Blenoxane (bleomycin sulfate)

NDA 50-450: Mutamycin (mitamycin)

NDA 50-467: Adriamycin (doxorubicin)

NDA 50-484: Cerubinine (daunorubicin hydrochloride)
NDA 50-577: Zanosar (streptozocin)

NDA Epirubicin

NDA 50-629: Adriamycin (doxorubicin)

NDA 50-661: Idamycin (idarubicin hydrochloride)




NDA 50-682:
NDA 50-704:
NDA4 50-718:
NDA 50-731:
NDA 50-734:
NDA 50-763:
NDA 50-778:
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Cosmogen (dactinomycin)
Daunoxome (liposomal daunorubicin)
Doxil (doxorubicin hydrochloride)
Daunorubicin

Idamycin (idarubicin injection)
Mytozytrex (mitomycin)

Ellence (epirubicin)

Approved Antibiotics Drugs that are Immunosuppresive

NDA 50-573:
NDS 50-574:
NDA 50-625:
NDA 50-708:
NDA 50-709:
NDA 50-715:
NDA 50-716:
NDA 50-722:
NDA 50-723:
NDA 50-735:
NDA 50-736:
NDA 50-737.
NDA 50-738:

Sandimmune (cyclosporine)
Sandimmune (cyclosporine)
Sandimmune (cyclosporine)
Prograf (tacrolimus)

Prograf (tacrolimus)

Neoral (cyclosporine)

Neoral (cyclosporine)

Cellcept (mycophenylate mofitil)
Cellcept (mycophenylate mofitil)
Neoral (cyclosporine)

Neoral (cyclosporine)

Neoral (cyclosporine)

Neoral (cyclosporine)

2. The December 15, 1994, memorandum from James Ramsey, Ph.D., regarding
Sandoz’s request for the reclassification of cyclosporine (Attachment 1).

3. The August 1, 1997 memorandum from James Ramsey, Ph.D., regarding the
antimicrobial activity of lovastatin and related drugs (Attachment 2).

4. Citizen petition (petition) dated June 13, 2003 submitted by Fish & Richardson P.C.,
on behalf of Allergan requesting a reclassification of cyclosporine as a non-antibiotic
drug. (Attachment 3). Petition for Stay of Action dated August 1, 2003 (attachments
omitted). (Attachment 4). Two expert declarations (i.e., Dr. Diane D-S. Tang-Liu,
Ph.D. and Dr. H. Dwight Cavanagh, M.D., Ph.D.) submitted by Arold & Porter by
cover letter dated October 24, 2003. (Attachments 5 and 6).

RESULTS

Below we set forth a summary of the results of our search for and review of NDAs for
which adequate records could be located. We note that the administrative record for
some of the NDAs listed above was not complete. In some of the applications that were
approved in the 1960’s and 1970’s, the documents generated by the FDA prior to and
shortly after approval were not available, and could not be located. In other cases, the
administrative record spanned the primary time of interest, but decisions related to the
classification were not documented in the FDA’s administrative record. A number of
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records, however, were located that document the approach that was taken by the FDA

for these applications with regard to their classification as antibiotic drugs. The relevant
information is summarized below.

Approved Antibiotic Drugs for the Treatment of Cancers

* NDA 50-682, Cosmegen (dactinomycin): This NDA was submitted to the agency on
October 18, 1962, and approved on December 10, 1964. The established and trade

names underwent change prior to the drug’s approval. It was referred to as Lyovac,
mem(‘nnnmvmn and arnnnmvmn D in various documents throuoh that neriad

MO Bllvugl ulal puiiva,

The application was given the NDA number of 14-008 (i.e., not the 50,000 series that
are used for antibiotic drugs), which might suggest that it had not been classified as
an antibiotic at that time. There is documentation that was generated prior to
approval, however, that clearly indicates that it was regulated as an antibiotic drug. A
November 7, 1962, internal FDA memorandum documents a discussion of whether
dactinomycin should be regulated as an antibiotic. (Attachment 7). An excerpt of this
memorandum follows:

“Will this NDA come under Section 507 of the Act at all? The drug fulfills the
requirements of the definition of an antibiotic as defined in the Act, however,
because of its toxicity, its therapeutic use is restricted to antineoplastic action and
1s not utilized for antibiotic activity in infections.

It was suggested that it might be well to keep track of an anti-cancer drug like this
by means of certification. It was also pointed out that many other cancer drugs
are handied by New Drug procedure.

Dr. Grove pointed out that Dr. Lewis and his staff are already over-burdened, and
that comments on NDA’s submitted might be delayed for a long time.

It was decided to submit this question of whether Lyovac should come under 507
or 505 to the Commissioner for a ruling.”

Another document in the Cosmegen NDA file dated August 9, 1962, a chronology of
the certification of dactinomycin as an antibiotic, states that it was “transferred to
certifiable antibiotic status” on May 1, 1963. (Attachment 8).

This statement is further supported by a July 10, 1963 internal FDA memorandum
that states that “since this drug is the first antibiotic substance to become certified as
an antineoplastic agent, it is suggested to follow and evaluate carefully all clinical
experience with the marketed drug.” (Emphasis in original.) (Attachment 9).

[t was also clear that the policy of classifying a drug such as dactinomycin as an
antibiotic was accepted at the highest levels of the FDA. In an August 9, 1963 letter
to Senator Milward L. Simpson, the Commissioner of the FDA stated, “you may
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wonder why actinomycin-D, intended for use in treating a form of cancer, requires
certification as an antibiotic. This arises from the fact that actinomycin-D is produced
by a microorganism and is an “antibiotic drug” within the definition of that term as
used in the Food, Drug, and Cosmetic Act.” (Attachment 10).

It cannot be determined from the administrative record why the application was not
given a 50,000 series NDA number. At some point after approval, the NDA number
was changed to 50-682. It should be noted, however, that the separate numbering
system for antibiotics was devised for administrative purposes.

e NDA 50-484, Cerubidine (daunorubicin hydrochloride): This application was
submitted on July 13, 1974 and initially assigned the NDA number ~——— On
August 7, 1974, a letter was sent to the sponsor acknowledging receipt of its
application for batch certification of daunorubicin hydrochloride and stating that the
NDA was assigned the number 50-484. Documentation of discussions that may have
occurred relating to this change could not be located.

e NDA 50-577, Zanosar (streptozocin): This NDA was submitted on November 10,
1976 and assigned NDA 17-961. It was approved on May 7, 1982 under NDA 17-
961. Atsome point in 1983 (it is not clear from the record), the number was changed
to NDA 50-577. Documentation of discussions that may have occurred relating to
this change could not be located.

e NDA 50-661, Idamycin (idarubicin): This application was submitted in August 1989
and assigned the number NDA ——— The NDA number was changed to as
noted in an August 12, 1989, memo that points to the chemical relatedness of
idarubicin to doxorubicin and daunorubicin.

e NDA 50-778, Ellence (epirubicin hydrochloride): This NDA was initially submitted
as NDA — inJuly 17, 1984. The agency issued a not approvable letter on July
10, 1985. Pharmacia and Upjohn resubmitted the application on December 15, 1998.
This NDA was initially assigned NDA 21-010. After several months, during a
“routine administrative screening,” the application was reassigned 50-778, thus
classifying epirubicin as an “old” antibiotic. The company objected strongly, and met
with the agency on August 16, 1999. The meeting minutes dated August 16, 1999
indicate that the sponsor stated that it would apply for designation as an orphan drug,
and if that were successful, it would drop its request for reassignment as a non-
antibiotic. (Attachment I1). This request for orphan designation was ultimately
granted. The product remains classified as an antibiotic drug.

Approved Antibiotics Drugs that are Immunosuppresive

e The first cyclosporine NDAs were submitted to the agency as chemistry pre-
submissions on April 22, 1982, and assigned the numbers, NDA and NDA —
——. (The regulations allow the pre-submission of the chemistry section to the NDA
file for FDA review prior to the submission of the full NDA.) On August 16, 1982,
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the review division informed the sponsor that these applications would be regulated
as antibiotic drugs, and the applications were reassigned the numbers, NDA 50-573
and 50-574. (Attachment 12). The record does not include a discussion of the
rationale for this classification. The full NDAs were submitted on November 12,
1982, and approved on November 14, 1983. There is no indication in the available
FDA-generated documents that the sponsor challenged the classification of these

drugs as antibiotics during the review or at the time of approval.

e The tacrolimus NDAs were submitted on July 26, 1993 and classified as antibiotic

drugs upon the initial submission. They were approved on April 8, 1994. Based on

our search, it does not appear that there is any record of the sponsor challenging the
classification of tacrolimus as an antibiotic drug.

* The mycophenylate mofitil NDAs were submitted on November 10, 1994 and
assigned the numbers NDA —— and NDA The acknowledgment letter,
however, referred to them as having been submitted under “505(b)/507,” indicating
that they were recognized as antibiotic drugs. The NDA numbers were later changed
to 50-722 and 50-723 during the period in which the drug was being reviewed. They
were approved on May 3, 1995, under NDAs 50-722 and 50-723 as antibiotic drugs.
Based on our search, it does not appear that there is any record of the sponsor
challenging the classification of its drug as an antibiotic.

Memoranda from James Ramsey. Ph. D.

Sandoz challenged in October 1994, the FDA’s classification of Sandimmune and Neoral
(both containing cyclosporine) as antibiotic drugs. In this challenge, the firm argued that
cyclosporine does not have antimicrobial activity in dilute solution. Sandoz proposed a
definition of “dilute solution” that would link it exclusively to the minimal inhibitory
concentrations (MIC’s) of a chemical substance against human pathogens. Apparently,
Sandoz’s proposal for a limited interpretation of the definition of “dilute solution” would
not consider data on antimicrobial effect derived from in vivo animal studies or clinical
studies in humans.

In response to Sandoz’s challenge, Dr. James Ramsey, Supervisory Microbiologist of the
Division of Antiviral Drug Products, CDER, FDA, performed a review of the
classification of cyclosporine as an antibiotic drug substance. From Dr. Ramsey’s
review it appears that he considered not only information that Sandoz submitted, but also
other relevant information in the literature regarding the antimicrobial activity of
cyclosporine, which included both in vitro data and in vivo animal model data. Dr.
Ramsey evaluated the concentrations of cyclosporine that exhibited antimicrobial activity
in the available data from in vitro studies and in vivo animal models of infection. He
then linked these data to the concentrations of cyclosporine that are achievable in human
plasma when administered at recommended doses. He determined from in vitro studies
and in vivo animal models of infection that cyclosporine has antimicrobial activity against
two fungal pathogens, Cryptococcus neoformans and Coccidioides immitis, at
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concentrations that are found in human plasma following the administration of
cyclosporine at its recommended doses in patients.

In addition, he found evidence from studies that cyclosporine has antimicrobial activity
against HIV when grown in cultured cells in the laboratory and antimicrobial activity in
an animal model of malaria infection. With regards to malaria, he notes that there were
inadequate pharmacokinetic data available from the animal studies to provide a link
between the concentrations at which cyclosporine exhibited antimicrobial activity in the
animal model to concentrations that are achievable in human plasma. He then notes that
if the cyclosporine levels attained in the animal model of infection for malaria (a mouse
model) are similar to what was observed in the animal model for Cryptococcus
neoformans (a mouse model), the data would suggest that cyclosporine has antimalarial
activity at plasma concentrations achievable in human plasma. However, he notes that
further evaluation of the relationship of animal drug levels to the levels observed in
humans is needed before conclusions can be drawn. Dr. Ramsey also notes that there is
also literature on cyclosporine’s effect in animal models of parasite infections, beyond
the malaria study reviewed within his 1994 review.

Sandoz again challenged the FDA’s classification of cyclosporine in March 1997. This
time they argued that the cholesterol lowering agents, lovastatin and related drugs, have
similar properties to cyclosporine and, by the criteria applied to cyclosporine, should also
have been classified as antibiotic drugs. Lovastatin and two other related drugs,
simvastatin and pravastatin, are produced by micro-organisms, and they have
antimicrobial activity. Dr. Ramsey evaluated the literature to determine if these drugs
had antimicrobial activity in dilute solution (i.e., at concentrations found in human tissue
when dosed according to approved labeling). The bulk of the memorandum focuses on
lovastatin.

Based upon what is described in Dr. Ramsey’s memo, he conducted an analysis of the
literature to evaluate the data on the antimicrobial activity of lovastatin, simvastatin, and
pravastatin. Of the three drugs of interest, only lovastatin and simvastatin were shown to
have antimicrobial activity in in vitro and in vivo animal studies.

The studies that Dr. Ramsey reviewed did not show either lovastatin or simvastatin to
have in vitro antimicrobial activity at levels found in human tissue in clinical use at the
range of approved dosages for lovastatin and simvastatin. In addition, Dr. Ramsey found
that most of the in vitro studies utilized a growth medium that would enhance the
antimicrobial activity of these drugs. The microbes in these in vitro studies were grown
with severely restricted serum and lipoprotein, conditions that would not be found in
human use.

Antimicrobial activity of these drugs in animal models was found to be minimal, and it
was not demonstrated that the drug levels at which in vivo activity was observed could be
achieved in human tissue at approved dosages. Dr. Ramsey concluded that there were
inadequate data to support a conclusion that any of these cholesterol lowering agents
should be classified as antibiotic drugs.
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We believe that, in determining whether a drug substance "has the capacity to inhibit or
destroy micro-organisms in dilute solution," Dr. Ramsey’s reliance on in vitro data and in
vivo animal data is reasonable for the reasons explained below.

When sponsors conduct adequate and well-controlled clinical studies in humans (i.e., in
vivo human data), they are generally testing to see whether a drug is safe and effective for
a specific indication. Efficacy data from adequate and well-controlled in vivo human
studies can provide evidence of a drug's clinical efficacy in the treatment of, among other
things, an infectious disease.

There are circumstances, however, under which in vivo human studies may not
demonstrate efficacy in the treatment of a particular type of infection despite the fact that
the drug substance has the capacity to inhibit or destroy micro-organisms in dilute
solution. For example, the demonstration of clinical efficacy from adequate and well-
controlled clinical studies involves a number of factors in living systems that include,
among other things, the antimicrobial activity of the drug, whether the drug achieves
sufficient concentrations at the site of infection that is being studied, the immune
response of the host, the metabolic state of the infecting micro-organism, and the
microbial microenvironment. An antimicrobial drug that merely does not achieve
adequate concentrations at the site of infection (e.g., an antimicrobial drug that achieves
poor concentrations in the bloodstream, or the central nervous system) may have
significant microbiologic activity (i.e., the capacity to inhibit or destroy micro-
organisms), but may fail to demonstrate clinical efficacy because of inadequate
concentrations at the site of infection in the human body. Therefore, reliance upon in
vivo human data may fail to identify drugs that have the capacity to inhibit or destroy
micro-organisms in dilute solution simply because the antimicrobial drug failed to
achieve adequate concentrations at the site of infection under study — although the
antimicrobial drug substance if evaluated for the treatment of infections at other sites in
the body might be found to have clinical efficacy.

The statutory definition of antibiotic drug (under former 507 of the Act and current
section 201(jj) of the Act) does not require the demonstration of clinical efficacy in
patients with infections, nor does it require data from in vivo animal models of infection
demonstrating effectiveness. The definition asks whether the drug substance has the
capacity to inhibit or destroy micro-organisms in dilute solution.

Data from animal models of infection (in vivo animal studies) can provide information on
an antimicrobial drug's capacity to inhibit or destroy micro-organisms in a living animal.
Like in vivo studies in humans, the response in an animal model of infection involves
factors other than just the antimicrobial activity of the drug under study, including the
ability of the drug to attain therapeutic tissue levels at the site of infection under study,
the immune response, the size of the inoculum (large inoculum may lead to an infection
that even an effective antimicrobial drug cannot effectively treat), the timing of initiation
of antimicrobial therapy, and subsequent dosing. Hence, as is the case for in vivo studies
in humans, although a finding of antimicrobial effect in an animal model can provide
evidence of an antimicrobial drug’s capacity to inhibit or destroy micro-organisms, a
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negative finding for antimicrobial effect in an animal model does not necessarily exclude
the possibility that the drug is an active antimicrobial agent.

The use of in vitro testing methods to determine whether a particular micro-organism is
inhibited or destroyed by a particular concentration of an antimicrobial drug is one of the
cornerstones of clinical microbiology. In vitro testing methodologies are typically
designed to determine concentrations of an antimicrobial drug that inhibit microbial
growth (e.g., the minimal inhibitory concentration for bacterial micro-organisms) or the
concentration that destroys micro-organisms (e.g., the minimal bactericidal concentration
for bacterial micro-organisms). In vitro testing methodologies are not dependent upon
many of the complex factors that influence outcomes in infections in animals or humans
such as achieving a specific drug concentration at the site of the infection or the host
immune response. In vitro methods measure the effect of an antimicrobial drug in a less
complex system than an in vivo animal model or in naturally occurring human infection.
In vitro methods are dependent upon the techniques used, including factors such as the
inoculum size and characteristics of the microbial growth media used. In addition,
inhibitory concentrations cannot be determined for all micro-organisms. In vitro testing
methodologies are important in identifying the antimicrobial activity of drug substances
against particular micro-organisms and are relied upon for the selection of antimicrobial
therapy every day in hospitals across the United States. In vitro testing methods provide
information on the capacity of a drug substance to inhibit or destroy the micro-organism
being tested.

Results from in vivo human studies, in vivo animal studies, or in vitro studies can provide
evidence of the capacity of a drug substance to inhibit or destroy micro-organisms. There
are strengths and limitations to each of these approaches for the purposes of measuring
the capacity of a drug substance to inhibit or destroy micro-organisms. These limitations
are inherent to the biology of the micro-organisms and the settings (in vivo human
studies, in vivo animal studies, or in vitro studies) within which the drug is being
evaluated.

In summary, evidence of clinical efficacy from in vivo human studies can provide
evidence of a drug substance’s capacity to inhibit or destroy micro-organisms, but a
negative result does not necessarily exclude significant antimicrobial activity. The same
is true for animal models of infection. Measurement of antimicrobial effect in humans
and in animal models is affected by a number of factors. In vitro studies can provide
information from a system that measures the capacity of the drug substance to inhibit or
destroy micro-organisms. Reliance upon data from in vivo human studies, animal models
of infection, or in vitro data can be used to evaluate whether a compound possesses the
capacity to inhibit or destroy micro-organisms in dilute solution.

The definition of antibiotic drug does not require the demonstration of clinical efficacy
from in vivo human studies. Nor does the definition require the demonstration of
antimicrobial effect in in vivo animal models of infection. The definition of antibiotic
drug asks only for demonstration of the drug substance's capacity to inhibit or destroy
micro-organisms. The capacity to inhibit or destroy micro-organisms in dilute solution
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can be demonstrated using data from in vivo human studies, in vivo animal studies, or in
vitro studies. Hence, it is reasonable and appropriate that the agency has relied upon data
derived from in vivo animal models of infection and in vitro data demonstrating the

capacity of cyclosporine to inhibit or destroy micro-organisms in dilute solution.

In sum, we believe Dr. Ramsey's 1994 conclusion that cyclosporine is an antibiotic drug
substance is based on reasonable factors and a reasonable assessment of those factors.

Materials Submitted on Behalf of Allergan regarding Restasis (cyclosporine)

We have reviewed the materials submitted on behalf of Allergan regarding the
classification of Restasis as an antibiotic drug. We have considered the scientific and
regulatory information and arguments that are presented in the materials. The materials
presented do not change our opinion that cyclosporine is appropriately classified as an
antibiotic drug substance. Given the statutory definition of antibiotic drug, it is
appropriate for drugs that contain any quantity of the drug substance cyclosporine to be
classified as antibiotic drugs. Therefore the classification of Restasis® (cyclosporine) as
an antibiotic drug in our opinion is appropriate.

There are a few specific points regarding the classification of cyclosporine, including
Restasis, as an antibiotic drug upon which we will comment in this document.

* The classification of Restasis as an antibiotic drug is consistent with the statutory
definition of antibiotic drug in that Restasis is intended for human use; Restasis
contains a quantity of cyclosporine; cyclosporine is produced by a micro-organism;
and cyclosporine has the capacity to inhibit or destroy micro-organisms in dilute
solution. The capacity of cyclosporine to inhibit or destroy micro-organisms is
clearly described in Dr. Ramsey’s 1994 memorandum. Restasis contains
cyclosporine and therefore is, in accordance with the definition of antibiotic drug,
appropriately classified as an antibiotic drug.

¢ The definition of antibiotic drug in the FD &C Act does not require that a drug be
approved for the treatment of an infectious disease in order to be considered as an
antibiotic drug. There are no criteria in the definition of antibiotic drug that speak to
the indication for which the drug is approved. As we have shown in this document
there are numerous approved antibiotic drugs that are not indicated for the treatment
of an infectious disease. We have listed numerous drugs that are appropriately
classified as antibiotic drugs that are indicated for the treatment of cancer and several
other antibiotic drugs that are immunosuppressant agents.

e The petitioner notes that FDA is limited to the information that it has available on a
drug and its antimicrobial activity at the time that a drug is classified as an antibiotic

' Citizen petition (petition) dated June 13, 2003 submitted by Fish & Richardson P.C., on behalf of
Allergan requesting, among other things, a reclassification of cyclosporine as a non-antibiotic drug.
Amendment to the petition dated August I, 2003. Two expert declarations (i.e., Dr. Tang-Liu and Dr.
Cavanagh) submitted by Arnold & Porter by cover letter dated October 24, 2003.
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drug. Itis true that when the agency decides whether a drug should be classified as
an antibiotic drug, the agency can only utilize information and data that are available
at that time. (Attachment 8). When available data demonstrate that a drug meets the
statutory definition of antibiotic drug, that drug is classified as an antibiotic drug. .

e Allergan also has submitted declarations from Dr. H. Dwight Cavanagh, MD, Ph.D.
and Dr. Diane D-S. Tang-Liu, Ph.D. Dr. Cavanagh notes that he has used Restasis in
the treatment of his patients and was also involved with the phase III clinical trials for
Restasis. He states his familiarity with the scientific ophthalmic literature and that he
is not aware of any data on the clinical utility of cyclosporine as an anti-infective. Dr.
Tang-Liu notes the absence of detectable blood levels of cyclosporine in patients
receiving Restasis, and the lack of data on the local concentrations of cyclosporine
with ophthalmic use. She provides her opinion that, given the relatively large size of
the cyclosporine A molecule, very little of the drug would penetrate the ocular
surface.

Because the definition of antibiotic drug depends on properties of the drug substance
cyclosporine, the declarations are not relevant to the determination of whether
Restasis, which contains cyclosporine, is an antibiotic drug.

CONCLUSIONS

Based on our review of the administrative record of the approved antibiotic drugs for the
treatment of cancers and drugs that are immunosuppresive drugs, we have found the
approach of the agency in its interpretation of the statutory definition of antibiotic drugs
to be consistent. Beginning with the anti-cancer drug, dactinomycin, which was
submitted to the agency almost concurrent with the enactment of the 1962 amendments
(in which the “general” (i.e., non drug-specific) definition of antibiotic drug was
established) the agency has interpreted the definition to exclude consideration of the
proposed or actual clinical indication of the drug. Since that time, the agency has
consistently classified drugs as antibiotic drugs if they met the statutory definition,
regardless of their indication. This consistency is demonstrated by the classification of
drugs that are used for the treatment of cancers and the immunosuppressive drugs as
antibiotic drugs.

The agency has also been consistent in its interpretation of “dilute solution.” This term is
not defined in the statute. Dr. Ramsey, in addressing Sandoz’s (now Novartis’s)
challenges to the classification of cyclosporine as an antibiotic drug, linked the definition
of dilute solution to the actual tissue concentrations that are achieved in humans at
approved or proposed dosages. Dr. Ramsey’s choice to use the human tissue
concentrations achieved based upon considering the range of the drug’s approved uses is
an appropriate and scientifically reasonable approach.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: December 15, 1994

FROM: James Ramsey, Ph. D.
Supervisory Microbiologist
Division of Antiviral Drug Products

THROUGH : David Feigal, M.D., M.P.H.
Director
Division of Antiviral Drug Products

TO: Murray Lumpkin, M.D.
Deputy Director for Review Management
Center for Drug Evaluation and Research

SUBJECT: Cyclosporine-Request for Reclassification
I have reviewed the data submitted by Sandoz in their submission of

October 14, 1994, wherein they responded to CDER's request to
provide a scientific basis for the language "in dilute solution" as

a criterion for an antibiotic. In this review, I have responded
point-by-point to the rationale and discussion (vol. 1, pp.001-004)
provided by the sSponsor to support their request for
reclassification. For clarity purposes in the text provided below,

rationale and discussion provided by the sponsor are in bold type,
my comments in response are in non-bolded type.

Sandoz:
Sandimmune® (cyclosporine)
NEORAL™ (cyclosporine, microemulsion)
Request for Reclassification
INTRODUCTION

Section 507 (a) of the Federal Food, Drug, and Cosmetic Act defines
an antibiotic drug as "any drug intended for use by man containing
any quantity of any chemical substance which is produced by a
microorganism and has the capacity to inhibit or destroy
microorganisms in dilute solution {including the chemically
synthesized equivalent of any such substance).”™

The key phrase from the above definition is "has the capacity to
inhibit or destroy microorganisms in dilute solution® (emphasis

addeqd) . There have been various interpretations of dilute solution
to mean either "in vitro® plate levels or ®"animal in vivo™ plasma
or serum levels or "human in wvivo* plasma or serum levels. The

different interpretations of dilute solution create confusion and
may lead to classification of drugs with no c¢linically relevant
antimicrobial activity as antibiotics.

1



FDA COMMENT :

There are 4 key phrases in the above definition of an antibiotic
which are the following:
1) any chemical substance which is produced by a microorganism
2) has the capacity to inhibit or destroy microorganisms
3) in dilute solution
4) including the chemically synthesized equivalent of any such
substance.

As will become apparent in the following discussion, the relative
importance of all of these key phrases, not 3just "in dilute
solution” are pertinent to the sponsor's request for
reclassification and will be referred to where appropriate.
Regulations are, by necessity, written in a manner that leaves them
subject to broad interpretation. The exclusive focus on a specific
or exact definition of circumstances described in regulations often
creates more problems than are solved. Consequently, it has always
been the policy of this Agency to interpret regulations based upon
the «collective body of evidence available upon which to make
decisions.

Sandoz:
Proposed Definition by Regulation

As a clinically relevant and wvalid interpretation of "in dilute
solution" we propose that minimal inhibitory concentrations (MIC's)
of the chemical substance against human pathogens be achievable in
human serum, plasma or other relevant body solution (eqg, urine)
following administration of recommended doses of the drug in the
target patient population.

This definition would insure that drugs with in vitro antimicrobial
activity only at concentrations that cannot be safely achieved and
maintained in man would not be inappropriately classified as
antibiotics for human use.

FDA COMMENT:

This argument presupposes that MIC's can be determined for all
relevant human pathogens and, furthermore, that clinically relevant
antibiotic activity is always highly correlated with patient plasma
drug levels approximating MIC values determined in in vitro
preclinical assays. 4

The supposition that MIC's can be determined for all relevant human

pathogens 1is false. Minimum inhibitory concentration 1is a term
appropriately applied to bacterial, fungal and some parasite cell
culture assays only. For microorganisms requiring a host cell to

support their replication in in vitro cell culture, such as viruses

2
and some parasites, the terms inhibitory c¢oncentration, usually



abbreviated as 1C, or 1IC,, (i.e., the concentrations of drug
necessary to inhibit growth 50% or 90%, respectively), are used to
express drug activity, not MIC values. Furthermore, some

microorganisms, such as Mycobacterium leprea, cannot be cultivated
in vitro and, therefore, an MIC value cannot be determined.

In addition, the suitability of assay methodologies used in the
determination of MIC values is highly relevant to characterization
of drug activity. Variations in culture media, organism load,
organism strain, incubation conditions, drug exposure time, and
experimental design have the capacity to influence MIC values.
Acceptance of MIC values without knowledge of how they were
determined may satisfy the specific focus on the definition of
*inhibition in dilute solution® but knowing how they were
determined still requires an evaluation of the collective body of
evidence available upon which to make a decision with respect to
relevance.

Another concern is that the focus on in vitro MIC's for determining
antimicrobial activity completely ignores data from animal mcdel

studies. For some microorganisms and for some drugs, in vitro MIC
values are less reliable than animal model data for predicting
relevant human drug activity. Drug activity in animal studies is

usually expressed in terms of effective dose (ED,, and ED,,) or
protective dose (PD,, and PD,,) and are defined as the drug dose that
reduces microorganism load or protects survival in infected animals
50% and 90%, respectively. The terms effective or protective dose
are preferred because following drug administration, the drug
concentration in the target organ(s) may vary over time or be
unknown, depending upon the organ(s) examined. Thus, an MIC value
for animal dosing is not a valid parameter to calculate.

The assumption that clinically relevant antibiotic activity will
correlate with in wvitro MIC values determined for all human
pathogens is unwarranted. While MIC values often are predictive of
potential human clinical activity, some antibiotics are known to be
clinically active against some species of Enterobacteriaceae even
though achievable plasma drug concentrations are substantially
below the MIC values determined for these microorganisms. On the
other hand, it 1is not uncommon to encounter circumstances where
human plasma drug concentration exceeds in vitro MIC values in the
absence of clinical efficacy. The reasons for these observed lack
of correlations between MIC values and human antibiotic activity
are frequently unclear and unpredictable.

Another problem in specifically focusing on the fact that plasma
drug concentrations must be equal to in vitro MIC values before one
could expect to demonstrate clinically relevant antibiotic¢ activity
is that host drug metabolism is not considered. For example,
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cyclosporine is extensively metabolized in the host liver and the



parent drug concentration in plasma drops between dosing. However,
the plasma concentration of cyclosporine metabolites may rise in
some patients and actually exceed the plasma concentration of the

parent drug (Sandoz submission Ref 2 - Yee GC, Solomon DR.
Cyclosporine. In: Evan WE, Schentag JJ, Jusko WJ, eds. Applied
Pharmacokinetics: Principles of Therapeutic Drug Monitoring. 3

ed. Vancouver, Washington: Applied Therapeutics, Inc; 1992:28-1 -
28-40) .

The antimicrobial activities of cyclosporine metabolites have not
been adequately characterized although it is known that many retain
their immunosuppressive activity. If these metabolites maintain
antimicrobial activity as well, matching only parent drug
concentration in plasma to preclinical MIC values (determined only
for the parent drug) to estimate potential clinical relevance is
not wvalid. Potential clinical antibiotic activity would be the sum
of the contributions made by the parent drug and the active
metabolites, not just parent drug.

Sandoz:
Classification of Cyclosporine-A: Drug or Antibiotic?

Cyclosporine-A was originally filed as both an oral solution and an
intravenous solution in 1982 under the provisions of 505(b) of the
AcCt. The original NDA numbers were 18-773 and 18-772,
respectively. A detailed submission chronology for all pending and
approved applications is included as Appendix I.

Possibly due to an early publication by Sandoz Pharmaceuticals
Division (Ref. 1), which appeared to demonstrate weak antifungal
activity in wvitro 1in =*dilute solution®, these applications were
subsequently reclassified as antiblotics (Form 5°'s 50-574 and 50-
573). In addition some animal infection models were studied at
extremely high doses (not achievable in man without lethality). It
is now clear, however, that maximal plasma concentrations of
cyclosporine A, obtained with the highest recommended doses of
Sandimmune, do not reach MIC's for any human pathogen for which
cyclosporine A has been shown to exhibit in wvitro antifungal
activity.

FDA COMMENT

The conclusion that animal infection model studies utilized
extremely high doses of cyclosporine, not achievable in man without
lethality, is premature. Information on bicavailability,
pharmacokinetics and pharmacodynamics of cyclosporine in animal
species wutilized in published studies and how these parameters
compare to human circumstances were not addressed by the sponsor.
Because of known differences for many drugs with respect to
adsorption, distribution, metabolism, and elimination kinetics
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among animal species and humans, human equivalent doses for animals
often vary substantially when administered on a mg/kg body weight

basis. Without including these kind of data in these analyses,
correlation of efficacy and toxicity profiles between animal and
human studies is less certain (see below). Therefore, without

analysis of these parameters, rejection of animal data from being
considered in the definition of <clinical relevant antibiotic
activity, as proposed by Sandoz, is unwarranted.

Sandoz:

In Phase I antibiotic drug development, serum or plasma levels,
rather than whole blood 1levels, of the drug are always evaluated
because the serum or plasma is the compartment in which (1) the
drug 1is available to bind to blood borne bacterial or fungal
organisms and (2) the drug |is available to supply third
compartments (e.g., the middle ear). Although drug bound to the
cellular elements of blood may be in equilibrium with the plasma
and serum, Cmax levels in the plasma or serum are more relevant
than in whole blood.

Cyclosporine levels are usually measured in whole blood to reduce
variability of the assay, but can also be measured in plasma.
Plasma 1levels of cyclosporine are approximately equal to 40% of
whole blood levels (Ref. 2). Since there is 1little data on serum
concentrations of cyclosporine, plasma concentrations are
appropriate to assess the antimicrobial activity of cyclosporine.

The highest plasma levels of cyclosporine are obtained during the
time immediately prior to and for 1-2 weeks following transplant.
Current Sandimmune 1labeling indicates that the maximum recommended
doses are 14-18 mg/kg/day. Peak (Cmax) whole blood cyclosporine
levels are generally in the range of 1000-1500 ng/mL (as determined
by HPLC) although occasionally 1levels of 2000 ng/mL are observed
(Ref. 2, 3, and Appendix II). Since plasma levels of cyclosporine
are 40% of whole blood levels, maximal plasma levels of
cyclosporine are in the range of 400-800 ng/mL. Maintenance whole
blood levels of cyclosporine are usually below 350 ng/ml consistent
with plasma levels of up to 140 ng/ml.

FDA COMMENT

In general, these statements by the sponsor give a balanced opinion
of published information relevant to their content. The important
aspects of these facts are as follows: 1) there is a difference in
blood and plasma cyclosporine levels, 2) concentrations stated are
for parent drug and do not include metabolites, 3) peak levels of
parent drug are substantially higher than trough levels, 4) assays
for the measurement of cyclosporine give variable results

{(comparisons of results are valid if performed by the same




procedure), 5) bioavailability of oral doses is approximately 30%
{range, 5%-90%), 6) therapy 1is 1long-term, and 7) the maximum
recommended human initial doses are 14-18 mg/kg/day given orally.

Sandoz

Cyclosporine has not been shown to have activity against bacteria.
MIC's for common pathogenic bacteria including Streptococcus
faecalis, Bacillus subtilis, E. Coli K12, Salmonella typhimurium
and Pseudomonas aeruginosa are all over 100,000 ng/mL: (Ref. 1)
Therefore, maximal achievable plasma levels are over 100 times less
than the MIC for any of these potential pathogenic bacteria.
Therefore, cyclosporine should not be classified as an anti-
bacterial agent.

FDA COMMENT

After review of the data submitted by the sponsor and that
retrieved from the National Library of Medicine database by this
reviewer, no credible evidence or rationale was identified that
would support the conclusion that cyclosporlne has any clinically

relevant antibacterial activity.
Sandoz
In vitro activity against selected pathogenic fungi has also been

reported (Ref. 1 and 4). Table 1 lists the MIC's for these fungal
pathogens.

Table 1. MIC's (ng/ml) for Cyclosporine for Fungal Pathogens
Pathogen MIC Reference
Saccharomyces cerevisiae > 100,000 1
Kloekera apiculata > 100,000 1
Hansenula anomala > 100,000 1
Pythium debaryanum > 100,000 1
Rhodoturla rubra 100,000 1
Anixopsis steracoraria 100,000 1
Cospora lactis 31,600 1
Aspergillus flavus > 10,000 2
Aspergillus fumigatus > 10,000 2
Candida albicans > 10,000 2
Candida tropicalis > 10,000 2
Histoplasma capsulatum > 10,000 2
Blastomyces dermatidis > 10,000 2
Neurospora crassa 10,000 1
Trichophyton quickaneum 10,000 1
Aspergillus niger 3,000 1
Curvularia lunata 1,000 1
Coccidioides immitis 1,000 2




As stated above, the maximum plasma concentrations of cyclosporine
that may be achieved with recommended doses are in the order of
400-800 ng/mb. Therefore, cyclosporine should also not be
classified as an antifungal agent.

FDA COMMENT

The sponsor's conclusion that cyclosporine should not be classified
as an antifungal agent, even when using their own proposed
definition of “dilute solution®, 1s premature.

The sponsor cited only 2 references in which in vitro determined
MIC's for fungal pathogens were reported. Two others, both highly
relevant to this report, are summarized below.

Reference 1 - Mody, Christopher H., Galen B. Toews, and Mary F.
Lipscomb. 1988. Cyclosporin A Inhibits the Growth
of Cryptococcus neoformans in a Murine Model.
Infection and Immunity. 56:7-12.

In this study, Mody et al. reported the effect of cyclosporine
{Sandimmune 1IV) on the growth of Cryptococcus neoformans strains
145A, ATCC 36556, and H99 in cell culture and in mice.

For 1in wvitro studies, C. neoformans was cultured for 48 hr in both
neopeptone o©or yeast nitrogen base broth in the presence of
cyclosporine at 0.1 or 1.0 ug/ml. Growth of C. neoformans in broth
cultures without additives or with Cremaphor-EL (the vehicle for
Sandimmune IV) at a concentration equal to that present in the 1.0

ug/ml cyclosporine broth cultures, served as controls. The pH of
the culture media with Sandimmune IV, Cremaphor-EL, or without
additives was 6.6, 6.7 and 6.2, respectively. Growth inhibition

was determined by plating serial 10-fold dilutions of the 48 hr
broth cultures onto agar medium and enumerating the number of
colony forming units {CFU's) observed after an additional
incubation for 48 hr.

Results showed that for strains 145A, ATCC 36556 and H99, 0.1 ug/ml
cyclosporine inhibited growth approximately 95, 75 and 98%,
respectively; whereas, at 1.0 ug/ml, inhibition was 100% for all

strains. Concentrations between 0.1 and 1.0 ug/ml were not
evaluated. Similar results were observed with both broth culture
media utilized. Growth 1in media containing Cremaphor-EL and in

media without additives was equivalent, suggesting that the pH
differences in these cell cultures did not affect fungal growth.

However, many drugs are known to exhibit significantly different
antimicrobial activity as a function of pH and blood pH is
approximately 7.3. Thus, the possibility exists that cyclosporine



MIC values would be less 1if evaluated at pH 7.3. Activity
determined in mice (see below) at cyclosporine blood concentrations
comparable to MIC values shown above would suggest that antifungal
activity is maintained at pH 7.3.

These results establish that c¢yclosporine 1is fungicidal for C.

neoformans in vitrg with an MIC value of < 1.0 ug/ml. Different
types of assays are used to differentiate fungistatic from
fungicidal activity of drugs. However, results from this

fungicidal assay suggest that cyclosporine fungistatic MIC values
for C. neoformans strains could be < 0.1 ug/ml.

Mody et al. also evaluated the antifungal activity of cyclosporine
against C. neoformans infection in C57BL/6 mice at 20, S50 and 75
mg/kg administered subcutaneously for 7 days. Because cyclosporine
administered to mice via this route had not been previously
reported, they determined levels of cyclosporine in blood 24 hr

after the last dose. Cyclosporine was extracted and quantified by
high-performance liquid chromatography (HPLC). Results showed that
trough blood levels of 0.30 + 0.03, 1.50 + 0.10, and 2.75 + 0.85
ug/ml were achieved for the above doses, respectively.

Corresponding plasma values would be expected to be 0.12, 0.60, and
1.10 wug/ml based wuwpon the observation that plasma cyclosporine
concentrations are 40% of blood concentrations. Concentrations of
cyclosporine metabolites in mouse blood were not reported.

These results show that trough blood/plasma cyclosporine
concentrations in mice following 20 mg/kg subcutaneous injection
are comparable to that observed for human transplant patients
receiving recommended oral dosing. However, no data were provided
to compare peak concentrations between species or to determine
concentrations or antimicrobial activities of metabolites present
in blood/plasma.

In addition to in vitro studies, Cyclosporine antifungal activity
was evaluated by these investigators in mice inoculated
intratracheally with C. neoformans. Results obtained with 20 mg/kg
s.c. treatment show a highly significant reduction in fungal CFU's
within 4 days of treatment (Table 2). Data derived from studies
utilizing 50 and 75 mg/kg were not critically reviewed because
blood 1levels produced at these doses were at or above the upper
range of levels achievable in humans without inducing severe
toxicity. Without additional pharmacokinetics data in mice to
compare to human data, assessment of antimicrobial relevance at
these higher doses is impaired.



TABLE 2. Effect of cyclosporine on C. neoformans in the lungs
of mice after intratracheal inoculation’.

Cryptococcal CFU ({log;p)/organ in lungs at: Animal
strain Deposition Day 4 treatment
145A 3.79 + 0.12 2.60 + 0.12° Cyclosporine

4.56 + 0.05 Control
36556 4.21 + 0.05 2.62 + 0.19° Cyclosporine
4.76 + 0.11 Control
H99 5.41 + 0.05 4.92 + 0.02° Cyclosporine
5.41 + 0.06 Control

°Mice received Cyclosporine (20 mg/kg per day s.c.) or
Cremaphor-EL (control solution) equivalent to 20 mg/kg per day
beginning on the day before inoculation. n = 5 in each group.

®p<0.001.

These results show that the MIC of cyclosporine against C.
neoformans, determined 1in vitro and shown to be active 1in an
infected animal model, 1is achievable in human plasma following
administration of recommended doses of cyclosporine in transplant
patient populations.

Reference 2 - Hoeprich, Paul D. and Joanne M. Merry. 1987.
Comparative Efficacy of Forphenicinol, Cyclosporine,
and Amphotericin B in Experimental Murine
Coccidioidomycosis. Diagn. Microbiol. Infec. Dis.
6:287-292.

Hoeprich and Merry, utilizing a broth dilution assay, determined
the in wvitro MIC and minimum fungicidal concentrations (MFC) of
cyclosporine and Amphotericin B agalnst Coccidioides immitis strain
Silveria and 10 clinical isolates as shown in the Table 3 below.

Takle 3. Susceptibility of Strain Silveria (Geometric Means of
Triplicate Determination + SE) and 10 Clinical Iscolates (Geometric
means + SE) of C. immitis was Tested In Vitro Against Cyclosporine
and Amphotericin B used to Treat Experimental Murine
Coccidioidomycosis,

MIC (range) MFC (range)
Drug C. immitis ug/ml

Cyclosporine Silveria 0.3 >20
10 isolates 0.3 + 0.04 >20
(0.15-0.60) >20
Amphotericin B Silveria 0.56 NR
10 1solates 0.56 + 0.21 >20

{0.30-2.50)

NR - not reported

In this study, in wvitrgo MIC values indicated that cyclosporine
possessed antifungal activity against C. immitis greater than that
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observed for Amphotericin B, an antibiotic drug approved for the
treatment of disseminated forms of coccidioidomycosis in human

patients. A minimum fungicidal concentration of cyclosporine
against C. immitis was not elicited even at concentrations of 20
ug/ml. However, these in vitro results demonstrate that

fungistatic MIC wvalues, determined for a laboratory strain and 10
clinical isolates of C. 1immitis, are achievable in human plasma
following administration of recommended doses of cyclosporine 1in
transplant patient populations.

Antifungal activity was also determined in mice injected
intratracheally with 100 arthroconidia of strain Silveria.
Seventy-two hours after inoculation, groups of 10 mice were
intravenously administered the following treatments: a) 0.1 ml of
5% glucose/day for 23 doses {controls); b) cyclosporine at 50, 100,
or 200 mg/kg body wt/day for 23 doses; c) Amphotericin B at 0.75 or
1.50 mg/kg body wt on alternate days for 12 doses. Mice surviving
at 24 days post-treatment were sacrificed and fungal burden
determined in lungs, livers and spleens.

Results obtained showed that survival of controls, 50, 100, and 200
ug/kg cyclosporine, and 0.75 and 1.50 ug/kg Amphotericin B treated
mice was 20%, 90%, 60%, 60%, 100% and 100%, respectively. Fungal
growth in necropsied tissue from cyclosporine treated mice was
slightly 1less than controls. Cultures of lung tissue from 60% of
Amphotericin B treated animals were negative for fungal growth;
remaining Amphotericin B treated animals with culture positive lung
tissue showed significantly reduced fungal growth.

Survival of c¢yclosporine treated mice was higher than untreated

mice. However, because survival was less at high doses of
cyclosporine (100 and 200 mg/kg, survival of 60%) than at the
lowest dose evaluated ({50 mg/kg, survival of 90%), it 1s possible

that a lower dose with less immunosuppressive activity would prove
to have greater benefit but, unfortunately was not evaluated.

Adequate and well <controlled human «clinical studies for the
evaluation of cyclosporine antifungal activity were not found in
the 1literature. Data from published human clinical studies,
reporting observations that fungal infections were less/more
prevalent in transplant patients or in patients undergoing
cyclosporine treatment for autoimmune disease, were insufficient to
clearly establish cyclosporine's contribution to changes in fungal
prevalence in these patient populations.

Published literature reports relative to potential or actual
cyclosporine antifungal activity were scant, but certainly greater
than that found for antibacterial activity. Data from these in
vitro MIC and in vivo animal studies demonstrated that cyclosporine
possessed antifungal activity for at least two human pathogens,
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Cryptococcus necoformans and Coccidioides immitis, at concentrations
achievable in plasma following administration of recommended doses
of the drug in target patient populations. With respect to fungi,
there is rationale to classify cyclosporine as an antibiotic, even
if the definition of dilute solution as proposed by Sandoz 1is used.

Sandoz

Cyclosporine has also been reported to exert weak activity against
a variety of human parasites (Raf. 5-23) including malaria.
However, activity against malaria 1is only observed at doses of
cyclosporine that are nephrotoxic in animals (Ref. 24, 25, and 26).
Thereforae, Sandoz believes that cyclosporine should Dbe not
classified as an antiparasitic agent.

FDA Comment

The c¢laim that activity against malaria is only observed at doses
of cyclosporine that are nephrotoxic in animals (Ref. 24, 25, and
26) 1is 1inaccurate. Nephrotoxicity was only reported in studies
with owl monkeys and was thought to be due to the combined effects
of malaria and drug toxicities (Ref. 24).

In mice inoculated with Plasmodium vyoelii or Plasmodium berghei and
administered 25 mg/kg cyclosporine s.c. for 4 consecutive days,
parasitemia and death in 15 of 15 and 9 of 10 mice, respectively,
was prevented (Ref. 25). Nephrotoxicity was not reported. In an
additional experiment, these authors investigated the potential of
cyclosporine to cure existing parasitemia produced by P. vyoelii
(L), P. yoelii (NL}, and P. berghei. Two consecutive cyclosporine
doses of 25 mg/kg administered s.c. 6 or 8 days after infection was
initiated was effective at reducing parasitemia to below detectable
levels. However, after 5 days parasitemia reappeared, persisted at
relatively low levels for another 5 days and subsequently became
undetectable. This pattern was seen even if treatment was extended
from 2 days to several weeks except for infections with P. vyoelii
(NL) 1n which recrudescence did not re-occur. Resistance to
cyclosporine 1in malaria parasites 1in animals that relapsed was
common . Although not investigated, it would be of interest to
determine if combination therapy with 2 or more effective drugs
would prevent resistance emergence.

Again bioavailability and pharmacokinetics of cyclosporine was not

reported in these studies. However, 1f blood levels in this study
were comparable to those determined in the €. neoformans study
described above, these data suggest that cyclosporine has

antimalarial activity at plasma cyclosporine levels achievable in
transplant patients.

There is a considerable body of literature available on
cyclosporine effects in parasite infected animal models, not just
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with respect to malaria. Before discounting the weight of evidence
from these studies in the effort to determine that cyclosporine is
not an antiparasite drug, a comprehensive evaluation of relevant
animal and human bicavailability, pharmacokinetics and
pharmacodynamics data should be conducted.

sandoz ‘*<==;i:///

Cyclosporine exerts some activity against HIV (Ref. 27). However,
approved antiviral drugs are not <classified as antibiotics.
Therefore, reported antiviral activity of cyclosporine i1is not
relevant to the classification of cyclosporine as an antibiotic.

FDA Comment

The conclusion that reported antiviral activity of cyclosporine is
not relevant to the classification of cyclosporine as an antibiotic
is incorrect. For example, Vidarabine is a purine nucleoside
obtained from fermentation cultures of Streptomyces antibioticus.
It possesses in vitro and in vivo antiviral activity against Herpes
simplex types 1 and 2, Varicella-Zoster, and Vaccinia viruses.
Vidarabine 1is an FDA approved antibiotic drug indicated for the
treatment of acute keratoconjunctivitis and recurrent epithelial
keratitis due to Herpes simplex virus types 1 and 2. The sponsor
failed to consider all of the 4 key phrases in the definition of an
antibiotic drug illustrated in the beginning part of this report.
Because Vidarabine, an antiviral drug, meets all of the requisite
conditions it is considered an antibiotic drug.

Reference 27 in the Sandoz submission indicates that cyclosporine
possesses anti-HIV activity at a concentration of 0.1 ug/ml when

added to cell «cultures prior to or during acute infection. In
addition, numerous reports are in the literature that are relevant
to determining cyclosporine antiviral activity. In view of the

oversight that antivirals are not classified as antibiotics, the
sponsor should consider further the status of cyclosporine's
antiviral activity before concluding that cyclosporine antiviral
activity is irrelevant to reclassification.

12



Sandoz

It is also noteworthy that cyclosporine is an immunosuppressive
agent and that the risk of some bacterial, fungal and viral
infections 1is increased during cyclosporine therapy (Table 2,
Sandimmune® package insert, and Ref. 28, 29, and 30). It is also
well recognized that most infections occur within the first two to
eight weeks after transplant, at the time when cyclosporine levels
are highest. This provides further evidence that plasma, blood and
tissue levels of cyclosporine obtained during cyclosporine therapy
provide no relevant antimicrobial activity.

Table 2. From Approved Sandimmune® Package Insert

Infectious Complications in the Randomized Renal Transplant Patients

Sandimmne® Treatment Standard Treatment’
(N = 227) (N = 228)

Carplication % of Complications % of Complications
Septicemia 5.3 4.8
Abscesses 4.4 5.3
Systenlc Fungal Infection 2.2 3.9
Local Fungal Infection 7.5 9.6
Cytomegalovirus 4.8 12.3
Other Viral Infectlons 15.9 18.2
Urinary Tract Infections 21.1 20.2
Wound and Skin Infections 7.0 10.1
Pneumonia 6.2 9.2

‘Some patients also recelved ALG.

FDA Comment

Reports in the literature suggest that the magnitude of infections

in transplant patients may depend upon the level of
immunosuppression produced during therapy to prevent organ
rejection. The animal model data reviewed above suggest that

better antimicrobial activity is achieved at doses that are high
enough to elicit antimicrobial effects but low enough that severe
immunosuppression is not in evidence. The argument that infections
are most severe during early periods following transplantation when
dosing of patients is higher is consistent with this observation.
Continued research efforts incorporating antimicrobial activities
of immunosuppressive drugs may contribute significantly to
improvements in clinical care of transplant patients.

CONCLUSIONS:




Credible data to demonstrate that cyclosporine has clinically
relevant antibacterial activity was not found in the literature.

Cyclosporine has been showh to possess antifungal activity against
2 relevant human pathogens, Cryptococcus neoformans and
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Coccidioides immitis at MIC's achievable in human plasma following
administration of recommended doses of the drug in transplant
patient populations. Moreover, MIC values for cyclosporine,
reported for C. immitis strain Silveria and 10 clinical isolates,
were shown to be lower than that determined for Amphotericin B, an
antibiotic drug approved for the treatment of disseminated forms of
coccidioidomycosis in human patients.

Data in the published 1literature suggest that cyclosporine has
antiviral activity at relevant <clinical concentrations. The
sponsor discounted these data based upon the incorrect premise that
approved antiviral drug products were not classified as antibiotic
drugs. These data should be comprehensively evaluated by the
sponsor and submitted for review.

Published reports on cyclosporine antiparasite activity are
numerous . However, due to several inaccurate assumptions made by
the sponsor, the data in this literature was discounted in their
response to the FDA request to define *in dilute solution" to
support their request for reclassification. To continue the
pursuit of this reclassification objective, data relevant to
cyclosporine bicavailability, pharmacokinetics and pharmacodynamics
in conjunction with efficacy determinations in animals and humans
must be comprehensively addressed.

In summary, even if the sponsor's proposed definition of "in dilute
solution" is used as the interpretative criterion for cyclosporine
reclassification, data are available in the published 1literature
that would support its continued classification as an antibiotic
drug.

RECOMMENDATION

Cyclosporine should remain classified as an antibiotic drug.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTHSERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: August 1, 1997

FROM: James Ramsey, Ph. D.
Microbiology Team Leader
Division of Antiviral Drug Products

THROUGH:  Walla Dempsey, Ph. D.
Acting Deputy Division Director
Division of Antiviral Drug Products

THROUGH:  Donna Freeman, M. D.
Acting Division Dircctor
Division of Antiviral Drug Products

TO: Murray Lumpkin, M. D
Deputy Center Director for Review Management
Center for Drug Evaluation and Research

SUBJECT: Antimicrobial Activity of Lovastatin and Related Drugs

This report is in response to your request, made duning the lovastatin meeting held on June 9, 1997, for an cvaluation of
the published literature relevant to possible antimicrobial activity of lovastatin and related drugs. 1 have reviewed the
literature relevant to the possible antimicrobial activity associated with the anti-hypercholesterolemia drug, lovastatin. In
addition, I have reviewed and included literature reports on antimicrobial activity of related members in the "statin” ¢class
of drug products. The database searched for thesc literature reports was Medline for the years 1962 through Junc 12,
1997. Other databases have not been searched for information

BACKGROUND:

In the preparation of this report, I have focused on the legal basis for the classification of a drug as an antibiotic drug as
Uuieas tsection 507 (a) of the Federui Food Drug, and Cosmetie Act. Tis legal description defines an antibictic
drug as "... any drug intended for use by man containing any quantity of any chernical substance which is produced by a
microar ganism and has the capacity to inhibit or destroy microorganisms in dilute solution (including the chemically
synthesized equivalent of any such substance).” Therefore, to be determined an antibiotic drug, a human drug must
possess the following properties:

1) Itmust be a drug intended for use by man which is produced by a microorganism or it may be any
chemically synthesized equivalent of any such substance.

2) It must have the capacity to ijubit or destroy mucroorgamsms

3) Itmust demonstrate the capacity to inlubat or destroy microorganisms in dilute solution.

These characteristics of antibiotic drugs have been carcfully considered for the purpose of determining if the reported
antimicrobial activity of lovastatin and rclated drug products is sufficient to warrant their reclassification as antibiotic
drug products



Therc are many analogues of "statin® diugs and related chemical subslances that exdiubit anti-cholesterolemia activity
reported in the iterature. However, this review will only address antimicrobnal activity relevant to “statin” class drug
products indicated for anti-hypercholesteremia activity submitted to FDA for marketing approval determinations.
Currently, there are six diug products of the "statin” class, indicated for the treatment of hypercholesterolemia, under
review or previously approved for marketing by the Center for Drug Evaluation and Research (CDER). Of the six, five,
including Mevacor (lovastatin, MK-803, mevinolin, monacolin K), Zocor (MK-733, simvastatin, synvinolin), Pravachol
(CS-514, SQ 3100, pravastatin, eptastatin), Lescol (fluvastatin sodium), and Liptor {atorvastatin calcium), have been
approved for marketing (Package Inserts Merck, August 31, 1987; Merck, December 23, 1991; Bristol Myers Squibb,
October 31, 1991; Sandoz, December 31, 1993; Park Davis, December 17, 1996, respectively). Baycol (cenvastatin
sodium tablets) is curently under review (Bayer, NDA 20-740).

Fluvastatin, atorvastatin and cerivastatin are all manufactured by synthetic processes (Package Inserts and NDA 20-740)
and as such do not fit the definition component requinng antibiofic drugs to be produced by microorganisms. Therefore,
these drug products cannot be classified as antibiotic drugs and, consequently, will not be evaluated for antimicrobial
activity in this review. Lovastatin, simvastatin and pravastatin are all drug substances which are either produced by
microorganisms or are chemically synthesized equivalents of such substances (Germershaven, et al,, 1989; Tobert,
1987; Tsujita, et al,, 1986, Siton, 1990; Alberts, 1988; Alberts, et al., 1980; Alberts, 1990). In addition, all have the
capacity to inhibit or destroy microorgamsms (vide infra). Therefore, all three of these drugs fit the first two definitions
required for classification as antibiotic drugs  However, the third requirement for antibiotic classification requires that
these drugs must demonstrate the capacity to inhibit or destroy microorganisms in dilute solution Interpretation of this
requirement is somewhat problematic in that the term dilute solution and the kinds of microorganisms to be inhibited
have not been defined. However, there appears to be a consensus within the agency and by some of the regulated drug
industry that the microorgamsms inhibited should be organisms that are causative agents of human clinical infections. In
addition, the term dilute solution has been generally accepted as the drug concentration in preclinical studies that elicits
inhibitory activity against micreorgamsms that correlates with clinically relevant human tissue drug concentrations.
Human tissue drug concentrations considered relevant are those that are achieved from doses administered to the human
larget populations for the indicated use of the drug  The data from published literature relevant to interpretation of drug
concentrations that ... inhibits in dilute solution ..." are summanized and cvaluated in this report

Data on "staun” antimicrobiz! activity from human studies have not been reported in the literature. Thercfore, for this
reason, this review contains only antimicrobial activity data generated from in vitro cell culture and iz vive animal model
studies. During the review of these literature reports, it became clear that the preclinical antimicrobial activity data
alone were msufficient to permit a rattonal mterpretation of possible antibiotic activity associated with lovastatin and
related drug products  For example, information on the expenimental design of the studies, assays used for
determination of activity, and studies on the mechamsm of drug action were found to be important parameters when
altempling 1o extrapolate in virro activity results to expected clinical circumstances. In addition, species variability with
respecttodrug pharmacokinetics, pharmacodynamics, metabohism, elimmstion, bicavailability, tissue distributiog'snd-
drug interaction potential were found to be relevant o the interpretations of antibiotic activity potential with respect to
the definition "... inhibits in dilute solution ...". Therefore, to the extent possible and within the time-frame available, an
eflort has been made (o provide this information in instances where it was deemed lo be of value for the interpretation of
parameters relevant to "statin” class drug products’ potential antimicrobial activity expression

HISTORY:

In 1971, the Japanese researchers, Akira Endo ard Masao Kuroda, began a search for inhibitors of microbial origin that
would inhibil the rate imiting enzyme, 3-hydroxy-3-methylglutaryl-Coenzyme A reductase (HMG-CoA reductase), in
the biosynthetic pathway for cholesterol (Endo, et al , 1976a; Endo, 1985a; Endo, et al , 1985b; Endo, 1992) They
anticipated that certan microorganisms would produce inhibitory products that would interfere with synthesis of
required sterols or othier 1soprenoids required for growth of other microorganisms. They hoped that these products
wonld be effective ininhibiting de novo cholesterol biosynthesis and have the potenual for reducing plasma cholesterol
levelsin

!
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hypercholesterolemic humans. By 1973, several compounds that were effective in inhibiting HMG-CoA reductase,
including ML-236A, ML-236B (compactin, mevastatin), and ML-236C, had been isolated from cultures of Penicillium
citrinum. In 1976, afler decumentation that these mhibitors reduced cholesterol in vitro (Endo, et al,, 1976a; Kancko,
el al , 1978, Alberts, 1988) and 11 vivo 1n amimal models (Endo, ct al , 1976a; Endo, ¢t al., 1992) the first human
subjects were Ueated (reviewed by Endo, 1992; Endo, ct al,, 1976b; Endo, et al,, 1988, Tsujita, et al,, 1986). Promising
results in lowering plasma cholesterol in these early human studies led to human clinical tnials ultimately resulting in the
March, 1987, U.S. Food and Drug Administration approval of Mevacor (lovastatin) for the treatment of
hypercholestcrolemia (Approved Drug Products with Therapeutic Equivalence Evaluations. 14* Ed. 1994. US
Department of Health and Human Services, Public Health Service, Food and Drug Administration, Center for Drug
Evaluation and Research).

The first publication suggesting that antimicrobial activity was associated with inhibitors of HMG-CoA reductase
isolated from fungi appeared in 1976 (Brown, et al., 1976). The authors, citing a reference that was "in preparation”,
reported that compactin (mevastatin), a potent HMG-CoA reductase mnhibitor, was isolated from a culture believed to be
Penicillium brevicompactum and was detected by its antifungal activity. However, antimicrobial data for the drug
(compactin), utilized for the investigations conducted by Brown et al., were not presented in that publication. An
mtensive computer search of the Medline database for the publication cited "in preparation” was unsuccessful,
Ewidently, it was never published; thus, a determination regarding the authenticity of the report cited by Brown cannot be

made.

The first report of antimicrobial activity attributable to lovastatin was published in August, 1988 (Tkeurs, et al., 1988).
Thus, although the rationale for the search for these compounds was based upon an antibiotic principle (substance
produced by a microorganism that inhibits other microorganisms), at the time of lovastatin’s approval by FDA in March,
1987, reports including data on antimicrobial activity of "statin” drugs were not available in the published literature.
Consequently, lovastatin was approved as a non-antibiotic drug under Section 505 of the Federal Food, Drug, and
Cosmetic Act for its anti-hypercholesterolemia activity. Simvastatin was subsequently approved for its anti-
hypercholesterolemia activity in December, 1991. Only three publication were found in the literature on simvastatin
antimicrobial activity (Grellier, et al., 1994; Coppens et al., 1995a; Coppens et al., 1995b). Pravastatin was approved
for its anti-hypercholesterolemia activity in October, 1991. Antimicrobial aclivity associated with pravastatin was not
found in the literature searches conducted. However, because of structural and mechanism of action stmilarities to
lovastatin and simvastatin, it is predictable that similar levels of antimicrobial activity, as has been reported for the other
"statins”™, may exist for pravastatin.

The question under consideration in ths report 1s the following: now that antimicrobial activity for lovastatin and
simvastatin has been reported in the literature, are the published data sufficient 10 meet the antibiotic drug definition of
"... infubits in dilute solution ..." and, 1f so, should Jovastatin and related drugs be considered for reclassification as
antibiotic drug products under, Section 507 of the Federal Food, Drug, and Cosmelic Act? The following data evajaation
1s intended o provide a reference framework for making that determination.

CHEMISTRY

Lovastatin and simvastatin are inactive lactone prodrugs, which after oral ingestion, are hydrolyzed 1o their
corresponding, biologically aclive, beta-hydroxy acid forms. Pravastatin is marketed as the active beta-hydroxy acid
form. Buotransformation of these drug products to several active and inactive metabolites has been reported (Vyas, et
al, 19902, Vyas, et al, 1990b; Halpin, et at,, 1993) (Fig. 1). The 6a™-hydroxy-cpi-lovastatin, an in vivo metabolite
found in human and dog plasma, was not detected as a metabolite of rat or mouse liver microsomes. The inactive
pentanoic acid denvative, a major metabolite resulting from beta-oxidation of the hydroxy acid form of lovastatin, has
been detected in mice and rats; however, it has not been identified as a metabolite in humans.

Lovastatin, simvastatin and pravastatin sre competitive inhibitors of HMG-CoA reductase. This cnzyme catalyzes the
conversion of HMG-CoA 1o mevalonate, which is an early and rate-limiting step in the biosynthesis of isoprenoid
compounds that are intermediates in multiple biosynthetic pathways for biological molecules, including cholesterol,
associated with numerous cntical organism functions (Brown, et al |, 1980) (Fig 2)
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Figure 1.

Biotransformation pathway of lovastatin
(Vyas et al. 1990)
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Figure 2.

Branched Pathway of Mevalonate Metabolism
Modificaticn of Brown et al. 1580
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PHARMACOLOGY

Human pharmacokinetics of HMG-CoA reductase inhibitors in plasma have been reviewed by Desager, ct al. | 1996.
Tablcs | and Il from their publication, showing data from multiple published studies, are reproduced below. These data
are relevant in that they provide some insight into the drug concentrations to be considered when determining if the
defimition of "._. inhibits in dilute solution ..." has been mel. For lovastatin, the recommended dosing range for the
treatment of hypercholesteremia is 10-80 mg/day in single or two divided doses; the maximum recommended dose is 80
mg/day. For simvastatin, the recommended dosing range is 5-40 mg/day as a single dose in the evening; the maximum
recommended dose 1s 40 mg/day.

Table L Main pharmacokinetic parameters of Jovastatim (mean # standard deviation)

Therapeutic daily  C._ (ugEqL) T (hours) AUC (ugEq/Lh)[0-24h] CLF (Lhy
dose (mg)

Al Ti Al by Al Ti AL T
80 (17 days) 40.7+ 59 456+ 83 20 +09 3.1+29 3052+ 1157 3853+1073 2621 207.6
80 (single dose- 70.7+612 1506+1069 23 +13  19%12 2824 +1383 5702+2754 2833 1403
MC)
40 (5 days) 455+315 851+ 582  2.41+1 18+1.4 236.0 +132.3* 359.1 +205.1  169.5 111.4
40 (7 days) 330+ 98 657+ 300 26 +13 23+13 1769+ 724 2846+ 1105 226.) 140.5
40 (single dosc) 95+ 52 199+ 80 29 17 26+17 611+ 720 1141+ 87 6547 350.6
20 (single dose) 1454+ 88 27.1+ 156 24 +12 21+12 763+ 41.6 1142+ $76 2621 175.1

“Calculated from mean values.

*0 1o 12 hours

Abbreviations: Al = aclive inhibitors; AUC = area under the plasma concentration-time curve from zero 10 24 hours; CL/F = apparent fofal body
clearance; ugEq = ug equivalent; TI = totai inhibitors; T, = time to reach peak concentration 2fler drug administration.

Table IL Main pharmacokinctic parameters of simvastatin {mcan * standard deviation)

Therapeutic daily C...(ugEqL) T.,... (hours) AUC (ugEq/L h)(0-24h] CL/F (L)
dose (mg) —

Al Tl Al TI Al Tl Al m
40 (17 days) 45.8+195 56.5+247 1.4+10 1.4+1.0 13004320 17204490 307.7 232.5
40 (single doze) 103+ 69 345+173 2517 23+14 40.8 +263 102.5+45.0 980.4 | 390.2
20 (single dose) 184+ 73 1.7+10 61.9 +206 3231
100 (single dose - 125.0 + 80.0 30 1020 98.0
l‘cr
20 (single dose) 99+ 34 21+13 3964262 505

“Calculated {rom the mean values.
*Paticnt with T-tube drainage.
Abbecviations: see table ] above.

Other parameters of interest include protein binding effects, adsorption, total body tissue distribution, excretion, and
half-life of lovastatin and simvastatin. In plasma, the hydroxy acid and lactone forms of lovastatin are 96 and 98.5%
protein bound, respectively. For simvastatin, protein binding for these forms is 98 and 94.5%, respectively. Adsorption
for lovastatin and simvastatin is approximately 31% and 60%, respectively. Afier absorption, these drugs undergo
extensive first pass extraction by the liver, their primary site of action. The hydroxy acid form is less efficiently extracted




by the liver than the lactone. The metabolism of lovastatin and simvastatin by the liver is a2 permanent dynamic process
because of the reversibility of the Jactone to beta-hydroxy acid reaction. Thus, at any given time, lovastatin will be
represented in tissue both as an active hydroxy acid form and as an inactive Jactone farm. For this reason, publications
showing pharmacokinetics data often report "statin” drug concentrations measured as ugEquivalents/ml plasma rather

than as ug/ml.

The excretion of inactive metabolites of lovastatin and simvastatin is mainly in feces (64% to 83%) and in urine (10% to
20%). The plasma t,,, ranges from 3 to 4 hours. The pharmacokinetic half-lives are substantially less than the
pharmacodynarnic values, which are around 20 hours. The apparent total body clearance (CL/F) is very high due to the
important first-pass liver extraction effect. Information concerning drug concentrations in other human tissues is limited
in the literature and much of our information concerning tissue concentrations of drug are derived from animal studies.
Duggan, et al., 1989, have evaluated lovastatin concentralions in nurnerous tissues of the rat and dog as shown in the

table below.

Table 4 from Duggan ct al,, 1989.

Tissue distribution of lovastatin equivalents in rats and dogs
All values are ug equivalents per g (mil) of Gissue. for yats, N = 3; for dogs, N = 4,

Rat Deg. po
Tissue iv {0.8mp/kg) po (8 me/ke) (60 mg/kg)
1 hr 4 hr 24 br 1h 4hr 24 hr 4hr

Plasma 023+001 0074001 002+00] 028+ 004 027+005 01 +001 027+01
Heant 021 +0.05 0.03+0.01 <0.02 0.48 0.2 <0.2 0.27 + <0.1
Lung 0234004 007 +0.02 <0.02 <0.5 <02 <02 041102
Liver 262+083 062+01 0154006 6574113 283+09 101 +0.18 436%20
Spleen 0.082+002 0.04%001 <0.02 <01 0.13%0.06 <02 Ns*
Adrenal <0.28 <0.19 NS <0.4 0.60 056 +0.05 0.22+0.12
Kidney 039+007 0134002 0044002 058+004 047+ 009 02 +0.03 0.71 ¥ 0.26
Siomach 0.12+002 005+001 0.02+0.01 7.59£5.02 12,16 £ 4.42 03 +0.08 NS
Small Intestine 2524019 0544008 007+002 17.25+551 11.26+542 0.49 +0.13 13.62+935
Large Intestine 0147001 08244023 0054001 002+007 S +1.07  065+0.48 Ns
Testes 0.16+0.01 003+001 <0.02 <0.1 0.09 + 0.01 0.04 +0.01 021 +0.02
Muscle 0.09 +0.03 <0.02 <0.02 <0.1 0.12 <03 0.35+0.15
Fat 0.11+0.02 00230 0.02 <Q.1 0.12 0.29 NS
Brain 0.06+0 002+90 <0.03 0.1 008+002 0.05 +0.01 0.17+<0.1

NS, not significant.

The data from the above 1ables (Tables I and 2) would suggest that a maximum approved human dose of either
lovastatin or simvastatin, administered chronically on a daily basis, would be expected (o result in a C,__, plasma drug
concentration of approximately 40-60 ugEq/L (~0.1 uM) at steady state conditions. With at__ occurringal 2-3hand a
U2, 0f 3 104 h, the trough plasma drug concentrations evident within 8 to 11 h would be expected to be < 10-15 ugEqg/L
U 025 uM) following once daily oral dosing. Plasma drug concentrations followirnig u single adtninistered dosc were
slightly higher, but a single dose of drug would not be expected to provide activity of sufficient duration to treat an
infectious discase. Interpretation of the data provided for tissue concentrations in rats and dogs treated with lovastatin
suggests that with the exception of the Tiver, stomach, and intestines other body tissues exhibit lovastatin concentrations
similar to or less than that observed in plasma. Although the human equivalent dose is different from thal administered
to these animals, lovastatin in humans is expected to exhibit a similar tissue distribution profile, relative to plasma
concentrations, as that shown above for the rat and dog. Therefore, with respect to human clinical use of lovastatin and
simvastatin, the target definition for "... inhibits in dilute solution ..." relevant to preclinical studies of antimicrobial
activity drug concentrations should lie somewhere between 10 and 60 ugEq/L (—0.025 to 0.1 uM). The lovastatin
concentration of 10 ugEq/L would represent that expected during the trough concentration phase while the 60 ugEq/L
concentration would represent the upper range of C_, reported. However, because the pharmacokinetic half-lives are
substantially less than the pharmacodynamic values of approximately 20 h, the trough concentrations may not be
relevant to antimicrobial aclivity evaluation. Consequently, the C__, concentration of ~0.1 uM may rcpresent a better
choice for relevant companisons (o be made.



MICROBIOLOGY

Publications containing data relevart to possible antimicrobial activity of lovastatin and related "statin” drugs are
presented below. The publications were evaluated and summarized independently to ensure that potentially critical
paramelers pertaining to each study were not co-mingled. A complete citation for each reference summanzed is
provided in bold type. Activity data are grouped by microorganism classification for ease of reference. A general
summasy of the data is provided in Tables 1-4 in the discussion section at the end of this report.

Lovastatin Antimicrobial Activity Agsinst Bacteria:

Zhou, D., et al. Early steps of isoprenoid biosynthesis in Escherichia coli. Biochem J. 1991 Feb 1; 273(Pt 3):
627-34.

In this paper the authors reported the lack of involvement of mevalonic acid in the early steps of isoprenoid biosynthesis
in E. coli. Mevinolin (lovastatin) at concentrations as high as 68.3 uM did not affect growth of E coli. Interpretation of
data presented in this paper (while not ruling out involvement of non-membrane bound mevalonate) would suggest that
eubacteria, such as E. coli, do not utilize acetyl-CoA and mevalonic acid in the biosynthesis of isoprenoids as has been
reported for archaebacteria and eukaryotes (vide infra). The authors suggested that if the alternative pathway for
biosynthesis of isoprenoids in E. coli is a general characteristic of all eubacteria, then it may represent a clear
biochemical marker that separates eubacteria from archacbacteria and cukaryotes. If true, inhibitors of HMG-CoA
reductase, such as lovastatin, would not be expected to inhibit growth of species of true bacteria. Data showing
lovastatin growth inhibition of any bacteriz other than those classified as archaebacteria were not found in the published
literature.

Cabrera, JA., et al. Isoprenoid synthesis in Halobacterium holobium. Modulation of 3-hydroxy-3-
methylglutaryl coenzyme A concentration in response to mevalonate availability. J Biol Chem. 1986 Mar 15;
261(8): 3578-83.

In this papcr, the authors utilized H. holobium, a genus of organism representative of those archacbacteria which require
>15% NaCl for growth [Dundas, I.E.D. (1977) Adv. Microb. Physiol. 15, 85-120; cited in Cabrera, et al., 1986], as a
unique biological model to study the regulation of mevalonate synthesis. They reported data which supports the
conclusion that H. holobium's HMG-CoA concentration, and not HMG-CoA reductase activity, was reversibly
modulated in response lo mevalonate availability, in contrast that reported for eukaryotic cells  As part of their
expenmental design, they evaluated mevinolin (lovastatin) induced effects on mevalonate content of M. fiolobium. They
demonstrated that growth of H. holobium was completely inhibited by mevinolin (lovastatin) at concentrations of 1-2
wM (~0.4 10 0 8 ug/ml) This inhibition by lovastatin was reversed by the addition of 4 mM mevalonate to the culture

- wicdium. ’ :

Lam, WL, et al Shuttle vectors for the archacbacterium Halobacterium volcanii. Proc Natl Acad Sci USA.
1989 Jul; 86(14): 5478-82.

In this publication, the authors reported that lovastatin completely inhibited inr vitro growth of the Archaebacterium, H.
volcanii strain WFD11, at -2 uM (~0.4 10 0.8 ug/ml) and at 20-40 uM (~8 to 16 ug/m!) when cells were grown on agar
prepared with minimal or enriched medium, respectively. The differential sensitivity of microorganisms (o lovastatin
inhibition when grown on medium with and without lipids is a commonly reported observation in the published
Iiterature.



Lovastatin Antimicrobial Aclivity Against Viruses:

Overmeyer, JH. Jsoprenoid requirement for intracellular transport and processing of murine leulkemia virus
envelope protein. J Biol Chem. 1992 Nov S; 267(31): 22686-92.

In this publication, the authors examined the potential relationship between isoprenoid biosynthesis and the processing
of murine leukemia virus (Mul.V) envelope glycoprotein in murine erythroleukemia (MEL) cells cultured in Dulbecco's
Minimum Essential Medium (MEM) with 10% fetal bovine serum. They reported that lovastatin, at concentrations as
low as 1 ug/ml (~2.5 uM), was not cytostatic for MEL cells in culture, but prevented the cells' ability to convert MuLV
envelope glycoprotein precursor, gPro0™, to the mature envelope glycoprotein, gp70™ . This conversion normally
occurs within the Golgi apparatus. It was suggested that Jovastatin may prevent viral envelope precursors from reaching
the Golgi compartment by blocking the geranylgeranyl isoprenylation of the GTP-binding rab proteins required for the
transport of precursor viral glycoprotein from the endoplasmic reticulum (ER) to the Golgi apparatus. In cells infected
with retroviruses, the envelope glycoproteins encoded by the viral env genes normally undergo proteolytic processing
and oligosaccharide maturation upon translocation from the ER to the Golgl apparatus. Inhibition of proteolytic
cleavege of viral envelope proteins is known lo reduce infectious virus titers. The authors reported that the lovastatin
inhibitory effect on envelope maturation was drug dose dependent and was completely reversed by the addition of 200
uM mevalonate to the culture medium. However, the authors did not report the effect, if any, of lovastatin on MuLV
infectivity.

Maziere, JC., et al. Lovastatin inhibits HIV-1 expression in H9 human T lymphocytes cultured in cholesterol
poor medium. Biomed Pharmacother. 1994; 48(2): 63-7.

In this publication, the authors investigated the in vitro effect of lovastatin on HIV production in H9 T lymphocytes
adapted to grow in RPMI 1640 medium supplemented with only 1% human serum to limit exogenous cholesterol
supply. Lovastatin (0.3 uM final concentration) (~0.12 ug/ml) was added to the culture medium } day post-infection.
The medium was replaced each day by new medium containing the same concentration of lovastatin. Reverse
transcriptase activity was reduced approximately 10-fold afler 9 days of lovastatin treatment compared to untreated,
infected controls. The authors concluded from these data that clinical intervention that would lower cholesterol
availability for HIV viral membrane synthesis may have some benefit in treatment of viral replication in human AIDS
patients. The effects of adding additional exogenous cholesterol or scrum on the observed antiviral activity was not
investigated.

Malvoisin, E., et al. Effcct of drugs which inhibit cholesterol synthesis on syncytia formation in vero cells
infected with measles virus. Biochim Blophys Acta. 1990 Feb 23; 1042(3):  339-64.

‘For these studies, Vero cells were infected with measles virus (Hallé strain) and incubaled 10 Eagle's minimun essential
medium conteining 2% fetal calf serum and antibiotics (100 units/mi penicillin and 100 ug/ml streptomyein). Inhibitors
of cholesterol biosynthesis [including mevinolin at 6 ug/ml (~15 uM)] inhibited measles virus induced syncytia in Vero
cells, but this effect was not necessarily related 1o an inhibition of virus infectivity. Inhibition of virus infection occurred
with some non-statin cholesterol synthesis inhibitors, but appeared to be due to the inhibitor’s effects on parameters
other than cholesterol synthesis. Inhibilion of virus infection by mevinolin was not reported. Furthermore, cell
cytotoxicity related to mevinolin was not reported. Thus, although mevinolin significantly reduced syncytia formation in
measles virus infected Vero cells, antiviral activity was not reported (o be associated with this effect.

Lovastatin Antimicrobial Activity Against Yeast and Fupgi:

Ikeura, R., et al. Growth inhibition of ycast by compactin (ML-236B) analogucs. J Antibiot Tokyo. 1988 Aug;
41(8): 1148-50.

In this publication, a variety of HMG-CoA reductase inhibitors, inchiding lovastatin (monacolin K), were evaluated for
antimicrobial activity against 303 strains of yeast representing 41 genera and 165 species Al of the HMG-CoA

reductase inh:bilors were converied to their respective active hydroxy acid form by hydroly sis prior 1o use.
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Yeast strains were inoculsled onto 0.67% ycast nitrogen base medium containing 0.5% glucose and 1.5% agar (pH S. 3),
end grown at 30 C. Where mndicated, ccmpactin (Jovastatin is an analogue of compactin) was supplemented to the
medium at a concentration of 0-20 ug/ml (~0-50 uM). Growth was inspected afler 4 days of culiivation. The authors
stated that of 303 strains tested, 43 strains (18 genera, 35 species), 21 strains (13 genera, 19 species) and 4 strains gave
no detectable growth on the agar medium containing 20, 10 and 4 ug/ml of compactin, respectively (50, 16, and 10 uM,
respectively). The remaining 260 strains (34 genera, 135 species) were resistant 1o compactin at 20 ug/ml (~50 uM),
data not shown. The most sensilive 4 strains were Rhodatorula giutinis H3-9-1, Sporobolomyces salmonicolor WF
188, Aessosporon salmonicolor IFO 1845 and Citeromyces matritensis IFO 0954 with MIC values of 0.1, 1.0, 2.0 and
2.0 ug/ml, respectively (range ~0.25 to S uM). The identity of the remaining 299 strains was not reporied.

Growth inhibition was subsequently determined for R. glutinis H3-9-1 and S. solmonicolor WF 188 in liquid medium
consisting of 0.67% yeast nitrogen basc and 0.5% gluoose Inhibitors were added at concentrations of 0-100 ug/m! (~0
to 250 uM)} and cells were cultured with shaking at 30 C for 4 days. Growth was monitored by measuring OD at 550
nm. Monacolin K (Jovastatin) and compactin were the most potent inhibitors having MIC values of 0.1 and 1.0 ug/ml
(~0.25 and ~2.5 uM) for R glutinis H3-9-1 and S. salmonicolor WF 188, respectively. Inhibitory activity of the other
HMG-CoA reductase inhibitors (ML-236A, monacolin L, and monacolin X) were 1/25 - 1/50 of the above values.

In a separate experiment, the ability of mevalonate to reverse the inhibition of compactin against the 4 most sensitive
strains mentioned above was evaluated in a dose dependent study. At 10 mM, mevalonate completely reversed the
compactin inhibition for all strains except for Citeromyces matritensis IFO 0954. However, the growth curve for C,
matritensis IFQ 0954 in the absence of compactin was substantially reduced when compared 1o the growth curves of the
other strains grown under the same conditions. This observation suggests that under normal culture conditions, growth
of C. matritensis IFO 0954 was aberrant and compactin inhibition was substantially more detrimental under these
circumnstances. Thus, the relevance of the inhibition pattern for C. matritensis is difficult to interpret.

Lorenz, RT,, et al. Effects of lovastatin (mcvinolin) on sterol levels and on activity of azoles in Saccharomvces
cerevisiae. Antimicrob Agents Chemother. 1990 Sep; 34(9):  1660-5.

In this publication, the authors reported the quantitative effects of lovastatin on the free sterol and steryl ester fractions of
wild type Saccharomyces cerevisiae, strain 2180-1A. In these studies, the organisms were grown in medium (YPD)
consisting of 2% glucose, 1% peptone, and 1% yeast extract. Minimal inhibitory concentrations (MICs) were
determined by inoculating 5 ul of an overnight culture into YPD medium and incubating at 28° C with constant shaking.
The MICs were recorded as the Jowest concentration of antifungal agent at which no significant visible growth occurred
afler 3 days. Lovastatin lactone prodrug that was used in this study was hydrolyzed to the active hydroxy acid form prior
to use.

* Lovastauin at 10 ug/ml (~25 uM) was reporied-lo dramatically.decrease the total endogenous stervl ester fraction in .S, ~uweeree - 1.

cerevisiae. As the conceniration of lovastatin increased progressively above 10 ug/ml, the free sterol fraction decreased
linearly. Moreover, in addition 1o severely decreasing the accumulation of endogenous steryl esters | lovastatin
prevented the estenification of sterol taken up from the medium. However, the growth rate end cell yield were not
significantly affected until a lovastatin concentration of 75 ug/ml (~190 uM) or greater was present in the medjum; at
concentrations above 150 ug/ml (~380 uM), the growth rate and cell yield were severely diminished (data not shown).

In combination studies, S. cerevisiae was grown with different amounts of lovastatin and ketoconazole, clotrimazole or
miconazole. Interpretation of the results obtained indicated that there was a synergistic effect of lovastatin and different
azoles in lowering the MIC:s of azole antifungal agents. Lovastatin at 2 ug/ml (~5 uM)significantly decreased the MICs
of each azole. In the presence of lovastatin at 10 ug/ml (~25 uM), the MICs of clotrimazole, ketoconazole, and
miconazole were decreased 6-, 10-, and 32-fold, respectively. The authors hypothesized that the synergism observed
between lovastatin and these azoles may be due to increased cell membrane permeability caused by the effect of
lovastatin on the sterol content of the organism. The suthors reported that S. cerevisige cell membrane permeability to




exogenous sterols was increased under conditions where endogenous sterols were decreased (sec above). They
speculated that as membrane permeability was increased for sterols then it may be increased for other agents, such as
azoles, as well. However, data were not provided 1o demonstrate that intracellular concentrations of azoles occurred
under these conditions.

Sud, IJ., ct al. Effect of ketoconazole in combination with other inhibitors of sterol synthesis on fungal growth.
Antimicrob Agents Chemother. 1985, 28: 532-534.

The authors of this publication evaluated, in vitro, the inhibitery effects of ketoconazole, mevinolin (lovastatin) and a
combination of these two drugs against a variety of fungi. The data below are taken from Tables | and 2 of their

publication.

Sterol synthesis inhibitors

Concen (ug/ml) of inhibitor giving a fourfold or

Fungus tested MIC (ug/ml) of inhibitor greater decrease in the MICs of ketoconazole
Ketoconazole Mevinolin Mevinolin
Candida albicans VA 0.045 50 3.12 (4)
Candida albicans 7.22 3.12 100 25.0 (8)
Candida tropicalis 0.78 >100 ~r
Torulopsis glabrata 0.78 >100 -
Aspergillus fumigatus 173 3.12 6.25 3.12(8)
Aspergillus fumigatus 6.25 6.25 0.78 (4)
Aspergillus niger 12.5 12.5 0.78 (4)°
1.56 (8)
Rhizopus rhizopodiformis 6.25 50 125 (4)
250 (&)

‘Numbers in parentheses represent the fold decrease in the MIC of ketoconazole in the presence of the indicated
concentrations of Mevinolin.

*No change or less than a fourfold decrease in the MIC of ketoconazole in the presence of mevinolin.

“Where more than one numnber is given, the lower number is the concentration of the drug giving a fourfold decrease in
the MIC of kctoconazole, and the higher number is the concentration showing the maximum effect.

These data were generated in in vitro studies utilizing completely synthetic media. The species most sensitive to
mevinolin (lovastatin) were A. fumigatus and A. niger with MICs of 6.25 and 12.5 ug/m! (~16 uM and ~32 uM),
respectively. These species were also the ones showing the most sensitivity 1o the combination effects (4- to 8-fold
decrease in MICs of ketoconazole) of keloconazole and lovastatin. The ability of intermediates of the isoprenoid and

« stereid pathways, subsequent to mevalonic asid synthesis, 10 reverse the infibitory effects. of lovastalin observed in this
study was not evaluated.

Bejarano, ER., et al. Independence of the carotene and sterol pathways of Phvcomvces. FEBS Lett. 1992 Jul
20; 306(2-3): 209-12.

In this publication, the authors evaluated the pathway for the synthesis of carotene and sterols in Phyconyces
blokesleeanus and various mutants with altered carotenogenesis. The fungus was grown on minimal agar medium at 22°
C m the dark. Lovastatin and mevalonic acid lactone were hydrolyzed to the hydroxy acid forms prior to addition to
growth medium. Phycomyces did not grow on medium with 1 uM (~0.4 ug/ml) lovastatin. This inhibition was reversed
by the presence of mevalonate in the medium at 10 mM, but not at ] mM.




Engstrom, W., ct al. The effects of tunicamycin, mevinolin and mevalonic acid on HMG-CoA rcductase activity
and nuclear division in the myxomyccfe Physarum polvcephalum. J Cell Sci. 1989 Mar; 92(Pt 3): 341-4.

In this publication, the authors reported that lovastatin at concentrations > 25 uM (~10 ug/ml), inhibited protein
synthesis, DNA synthesis, nuclear division and plasmodia growth, in virro, of Physarum polycephalum. These cllects
could be partially reversed by the addition of mevalonate at concentrations > 0.4 mM.

Lovastatin Antimicrobial Activity Against Parasites:

Andersson, M., ct al. Lovastatin inhibits interferon-gamma-indueed Trvpanosoma brucei proliferation:
evidence for mevalonate pathway involvement. J Interferon Cytoldne Res. 1996 Jun; 16(6): 435-9.

In this publication, the authors reported that interferon-gamma, at low concentrations (10° U/ml added to 10° parasites),
had a growth stimulatory effect on Trypanosoma brucei brucei in vitro and that this proliferative response was blocked
by low levels of lovastatin (0.] uM) (~.04 ug/ml). However, lovastatin did not inhibit growth at concentrations as high

as 20 uM (-8 ug/mi), the highest concentration tested, when added to nonstimulated cultures of the parasite.

Note: In this study, lovastatin concentration was given as uM in the figures, but was given as mM in the figure
legends and 1n the text of the paper. Lovastatin is insoluble in water (Mevacor package insert). Therefore, it
is assumed, but not known with certainty, that the values listed as uM were the correct concentrations to use in
this report.

Florin-Christensen, M., ct al. Inhibition of Trypanosoma cruzi growth and sterol biosynthesis by lovastatin,
Biochem Biophys Res Commun. 1990 Feb 14; 166(3): 1441-5.

In this publication, the authors report & dose dependent lovastatin inhibition of the in vitro growth of Trypanosoma
cruzi epimastigotes at 10 and 30 ug/ml (~25 and ~75 uM, respectively). Squalene at 100 uM, but not cholesterol,
reversed Jovastatin's growth inhibitory effects induced by 10 and 30 ug/ml suggesting that lovastatin interfered with
steps leading to squalene biosynthesis. At 50 ug/ml (~125 uM), lovastatin killed most of the trypanosomes. Squalene
was not able to reverse the inhibitory effects on epimastigotes treated with 50 ug/ml of lovastatin.

Haughan, PA., et al Synergism in vitro of lovastatin and miconazole as anti-lcishmanial agents. Biochem
Pharmacol. 1992 Dec 1; 44(11): 2199-206.

In this publication, the authors reported on the in vitro combinational use of the antifungal drug, miconazole, with the
cholesterol lowering drug, lovastatin, to assess their potency es snti-leishmanial agents. Activity was assessed for each
-~ frug.as single agents and in combination cgainst Leishmania promastigotes and amastigotes. .« .« av - -
Lovastatin, as a single drug, had IC,, values of 82 ug/inl (~200 uM) and 20 ug/ml (~50 uM) against L. dorovani and L.
amazonensis promastigotes, respectively. Miconazole, as a single drug, had IC,, values of 6 and 3 ug/ml, respectively,
against these life-cycle forms. Treatment of L. amazonensis amastigotes in mouse peritoneal macrophages with
lovastatin up to a concentration of 10 ug/ml (~25 uM) had httle effect on the percentage of macrophages infected or the
number of amastigotes in the macrophages. Due to drug insolubility problems, and IC,, could not be determined, but it
was estimated 1o be well in excess of 10 ug/ml (~25 uM). The IC,, for miconazole was estimated to be 8 ug/ml.

When used in combination, miconazole and lovastatin IC,, concentrations of each drug could be reduced by 2- to 10-
fold, suggesting a synergistic activity interaction against these life-cycle forms of these Leishmania spp.




Morrison, DD., et aL. Effects of steroids and steroid synthesis inhibitors on fecundity of S. mansoni in vitro. J
Chem Ecol. 1986; 12: 1901-08.

Mewvinolin (lovastatin) was reported 1o significantly depress egg production (~50%) at 1 uM (0.4 vg/m!) in Schistosoma
mansoni grown in vitro for 72 h at 37°C with shaking in medium that was a 1:1 mixture of RPMJ 1640 and heat-
inactivated horse serum, adjusted to pH 7.4. Penicillin and streptomyein {100 ug/ml each) were added along with
merscaptoethanol to a final concentration of 5 x 10 M. Mevinolin at higher concentrations (i.e., 10 uM and 100 uM)
(~4 and ~40 ug/ml, respectively) was unable to completely inhibit egg production. Effects on adult mating pairs
appeared to be minimal even at 100 uM lovastatin. Adult schistosomes are incapable of de novo cholesterol formation
[Meyer et al., 1970, Smith et al,, 1970); ciled by the authors of this paper]. Egg production inhibition by lovastatin was
not reversed by coincubation with 100 uM cholesterol. Momison, ef al., concluded from these data that lovastatin
inhibition of egg production is not due 1o a steroid-mediated effect.

Vandewaa, EA., ¢t al. Physiological role of HMG-CoA reductase in regulating cgg production by Schistosoma
mansoni. Am J Physiol 1989 Sep; 257(3 Pt 2): R618-25.

The purpose of this publication was to provide evidence suggesting that HMG-CoA reductase activity plays a critical
role In parsasite egg production. Several lines of evidence, described below, were provided 1o support this hypothesis.

White cutbred (ICR) female mice, infected intraperitoneally with 250-300 schistosome cercariae, were dosed daily with
lovastatin (50 or 250 mg/kg) by gavage for 3 days starting at 42 days postinfection. Control mice were dosed with
vehicle only. Afier treatment of these acutely infected mice, parasiles were collected and microsomes were prepared.
HMG-CoA reductase enzyme activity measured in micrasomes obtained from schistosomes exposed to 250 mg/kg
lovastatin was reduced significantly (~3-fold) compared to untreated controls. However, if the lovastatin exposed
parasites were subsequently grown in vitro for 24 h in drug free medium prior to assay for HMG-CoA reductase sctivity,
the enzyme activity was observed to be significantly enhanced (~2-fold) over controls. In contrast to these results,
parasites collected from mice treated with 50 mg/kg lovastatin were shown to have a significant induction in HMG-CoA
reductase aclivity over controls.

Because Jow doses of lovastatin (50 mg/kg vs. 250 mg/kg) produced higher levels of HMG-CoA reductase activity in

the above experiments, egg production in schistosomes oblained from lovastatin treated mice, dosed daily for 10 days at
50 mg/kg starting at 35 days postinfection, was evalusted in vitro (Table 2 from Vandewaa, et sl., 1989).

Table 2. _Effect of mevinolin on_ii wiire eggr production by S. mansoni afier in vivo exposure to the drug

Concentration

.. InVivo,, .. .- . - . .of Mevinolin X . . No. - S
Treatment in Culture Media Eggs
Vehicle 0 604 +326
Vehicle 10 uM 107+ 73%*
Mevinolin (50 mg/kg) c 321.8 +90.4*
Mevinolin (50 mg/kg) 10 uM 63+ 4.1*

Data are means + SD for number of eggs per female per 72 h. Parasites werc incubated in the presence or absence of
mevinohn following in vive exposure to the drug or its vehicle. *Significanily different from control, P <0.01.

These results show that adult S. mansoni schistosome egg production, measured in an in vitro assay, was stimulated
approximately 5-fold in infected mice treated with S0 mg/kg lovastatin. Moreover, this stimulation could be blocked



upon the addition of 10 uM mevinolin to the in vitro culture medium. Furthermore, it was reported that lovastatin's in
vityo inhibition of schistosome egg production could be reversed by the addition of either famesol or mevalonate at a
concentration of 80 uM. These data, taken together with the fact that schistosomes are incapable of synthesizing
cholesterol de novo, led these authors 1o conclude that a nonsterol lipid, yet to be identified, may play an important role
in regulating egg production by 8. mansoni.

These in vitro observations led to experiments wherein i vivo egg production by schistosomes was measured in mice
treated with 50 or 250 mg/kg lovastatin. Drug was administered by oral gavage for 10 days beginning 35 days
postinfection. The results on in vivo egg production correlsted with observations on HMG-CoA reductase enzyme
activity and on in vitro egg production, mentioned above. At 50 mg/kg, egg production, in vivo, was enhanced over that
observed in control animals (degree of enhancement not reported). In mice treated with 250 mg/kg, egg production was
inhibited 45.4% compared to control animals. This reduction in egg production was correlated with a reduction in liver
pathology associated with schistosome infections in mice. Reduction in pathology did not occur in infected mice treated
with Jovastatn at 50 or 100 mg/kg. Adult worm burden was unaffected by treatment with lovastatin at any of the

concentrations evaluated.

From these studies, the suthors concluded that "... Although the chronic application of mevinolin to an infected human
would be an inappropriate strategy for the control of the discase associated with the infection, we felt that the
consequences of a continuous application of mevinolin to infected mice should validate the concept that a reduction in
egg production should reduce the parasite-induced pathology.”

Chen, GZ., et al. Antischistosomal action of mevinolin: evidence that 3-hydroxy-methylglutaryl-coenzyme A
reductase activity in Schistosoma mansoni is vital for parasite survival. Naunyn Schmicdebergs Arch
Pharmacol. 1990 Oct; 342(4): 477-82.

This publication 1s an extension of the observations reported by Vandewaa, et al., 1989, described above. In this paper,
these authors reported on adult and developing schistosome survival in mice admmmcred 0.2% Jovastatin (equivalent to
640 mg/kg/day} in the diet for 14 days, beginning 35 10 45 days postinfection. Results from this study show that 96~
100% of adult parasites were eliminated by this treatment. These effects were shown to be drug dose dependent.
Administration of the same dose beginning 2 days prior and continuing for 15 days after infection (juvenile stage of
parasite growth), resulted in 93-96% reduction of adult parasites. To determine if lovastatin could be shown to be lethal
in in vitro cultures of schistosomes, adult parasites were exposed lo increasing doses of lovastatin (1 to 10 uM). Lactate
production and motility in these treated parasites, as a measure of drug toxicity, were observed over time. The response
was time and dose dependent. At 3 days incubation, 10 uM lovastatin reduced motility and lactate production > 50%, at
11 days of culture, doses of 1-10 uM inhibited activity nearly 90%. It was stated that inhibition of moulity and lactate
producnon eventually resulted in death of the organism but it was not clear from the results provided as to when death
sculd actually occur.

Urbina, JA,, et al. Mcvinolin (Jovastatin) potentiates the antiproliferative effects of ketoconazole and
terbinafine against Trypanosoma (Schizotrypanum) eruzi: in vitro and in vive studics. Antimicrob Agents
Chemother. 1993 Mar; 37(3): 580-91.

In this study, the authors evaluated the potentiation effect of lovastatin on the antiproliferative effects of ketoconazole
and terbinafine against Trypanosoma cruzi, the cavsative agent of American trypanosomiasis (Chagas' disease). Activity
agamst epimastigotes and amastigoles in vitro and parasitemia in vivo was determined for each single drug and also for
the drugs when used in combination. For all in vitro studies reported, lovastatin was hydrolyzed 1o the active hydroxy
acid drug form prior to use.




In in vitro studies, the epimastigote form was cultivated in liver infusion-tryptose medium supplemented with 10% calf
serum at 28° C with strong agitation (120 rpm). The antiproliferative effecls were measured at various times after
addition of varying concentrations of each drug alone and in combination. Results oblained from these in virro studies
showed that lovastatin, at 7.5 uM (3 ug/ml), ketoconazole at 0.1 uM and terbinafine at } uM, cach, reduced growth of T.
cruzi epimastigotes 20% to 30% when evaluated as single agents. Lovastatin at 50 and 75 uM (20 and 30 ug/ml,
respectively) caused complete growth arrest with cell lysis ensuing at 144 and 96 h, respectively. Lovastatin at 7.5 uM
in combination with ketoconazole at 0.1 uM resulted in complete growth arrest followed by cell lysis at 144 h. Thus, the
authors concluded that the trypanocidal concentration of lovastatin was reduced by a factor of 10 in the presence of a
ketoconazole concentration that by itself had only very modest effects on parasite growth. Terbinafine in combination
with lovastalin produced a lesser effect, complete growth inhibition and lysis required 25 uM lovastatin with 1 uM
terbinafine.

The authors also reported on the effects of lovastatin on . cruzi amastigotes proliferating inside Vero cells in vitro.
Lovastatin at 1 uM (0.4 ug/ml) produced less than a 30% reduction in the number of parasites per Vero cell and % of
infected cells afler incubation at 37° C for 96 h. At concentrations greater than 1 uM, lovastatin had a deleterious effect
on the host cells; thus, the antiparasitic activity measured is close 1o the cytotoxic drug concentration for the Vero cells
(i.e,, the therapeutic index is close to 1). However, lovastatin at 0.75 uM in combination with 1 nM ketoconazole, which
by itself produced a 30 to 40% reduction of in the number of infected cells, produced a complete elimination of
amastigotes without deleterious effects on the host cells when cells were treated for 192 h. When terbinafine and
lovastatin were evaluated in combination, only additive effects on amastigote reduction were observed. In these studies,
amastigotes were cultivated in Vero cells maintained in minimal essential medium supplemented with 2% fetal calf
serum in humidified 95% air-5% CO, atmosphere at 37° C. The medivm, with and without drug, was changed every 48
h.

From their in vive murine model of Chagas' disease, the authors reported the following results:

*... mice treated orally with ketoconazole at 30 mg/kg of body weight per day for 7 days were
fully protected from death 40 days after infection with a lethal inoculum of 7. cruzi blood
trypomastigotes, while all the controls (untreated) were dead 24 days postinoculation;
ketoconazole at this dose completely suppressed parasitemia. When the dose of ketoconazole
was lowered to 15 mg/kg/day, incomplete protection against death ard significant numbers of
circulating parasites were observed for up to 25 days. Mevinolin at 20 mg/kg/day promoted
50% survival, but the leve] of parasitemia was comparable to that observed in the controls.
However, when the low dose of ketoconazole was combined with mevinolin, 100% survival
and almost complete suppression of parasitemnia were observed, indicaling a synergic aclion
m vivo, which was most evident in the effect on circulating parasites .. *

In these studies, drugs, suspended in 2% methylcellulose containing 0.5% 7 ween 80; were given by gavage once daily

for 7 days. T. cruzi Y strain was inoculated (10° trypomastigotes) intrapertoncally into female outbred NMR] albino
female mice weighing 25 10 30 g and treatment was initiated 24 h later.

Brener, Z., et al. An experimental and clinical assay with ketoconazole in the treatment of Chagas discase.
Mem Inst Oswaldo Cruz. 1993 Jan-Mar; 88(1): 149-53.

In this publication the authors tested the in vivo activity of ketoconazole associated with lovastatin for possible
synergistic activity against T. crwzi Y strain infection in mice (see table below). Other drugs evalualed in this
publication were rot reviewed for this report.



In this study, groups of Swiss albino mice, weighing 18-20 g were inoculated intraperitoneally with 2 x 10* blood forms
of T. cruzi Y strain. Treatment was started 24 h afier infection and continued for 20 days. Drugs were prepared in
distifled water and administered by oral gavage.

Table 11 from Brener, et al,, 1993.
Parasitemia and mortality in groups of mice incculated with 2 X 10*

blood forms of the Trypanosoma cruzi Y strain and treated with
ketoconazole, lovastatin and association of both drugs

Drug (mg/kg) No. parasites/S ul Mortality
(7* day) (20" day)
Ketoconazole (100) 0 0/6
Ketoconazole (40) 780 1/6
Ketoconazole (25) 14.670 1/5
Lovastatin (100) 64.333 6/6
Ketoconazole {40) 689 1/5
Lovastatin (10)
Ketoconazole (25) 15.480 415
Lovastatin (25)
Untreated controls 19.021 515

Note: The data reported in this table is in conflict with statements made by the authors in the text. The
numbers reported in the table for the No. parasites/5 ul for Ketoconazole (40) and the combination of
Ketoconazole (40) with Lovastatin (10) appear to be incorrect based upon text information provided. Rather
than the numbers 780 and 689 as reported above, the actual numbers may be 0.780 and 0.689, respectively. It
appears that a decimal proceeding the number was omitted when printed by the publisher. It is not certain that
this assumption is valid. However, the analysis of the results has been based upon the written text information
which implies that this assumption is reasonable.

Interpretation of data presented in this publication shows that lovastatin at the highest dose evaluated (100 mg/kg)
exacerbated parasitemia approximalely 3-fold over untreated controls and failed to provide a survival benefit associated
with treatment. Ketoconazole at 100 mg/kg eliminated the parasilemia and 100% of the mice survived. Ketoconazole at
75 mg/kg reduced paasitemia approximalely 20% and 80% of the mice survived; whereas, alt of the untreated controjs
died. If the assumpton that the correct numbers for parasitemia in the groups of mice treated with ketoconazoie, as
discussed above, are 0.780 and 0.689, then the parasiternia dala reported in this table suggest that lovastatin in
combination with ketoconazole is antagonistic in this infection model with respect to parasitemnia.

Lujan, HD., et al. Isoprenylation of protcins in the protozoan Giardia Jamhlia. Mol Biochem Parasitol. 1995
Jun; 72(1-2): 121-7.

The authors of this publication reported that Giardia lamblia has the ability to modify several of its cellular proteins by
isoprenylation. Protein isoprenylation and cell growth were inhibited in 2 dosc dependent manner with complete
inhibition obtained by concentrations of compactin >200 uM (~80 ug/ml) and mevinolin (data were shown for.
compactin only). This irhibition due to HMG-CoA reductase inhibitors was completely reversible by the additon of 2
mM mevalonate to the culture medium.




Lovastatin and Simvastatin Antimicrobial Activity Against Parasites:

Grellicr, P., ¢t aL. 3-Hydroxy-3-mecthylglutaryl coenzyme A reductase inhibitors lovastatin and simvastatin
inhiblt in vitre development of Plasmodium falciparum and Babesia divergens in human erythrocytes.

Antimicrob Agents Chemother. 1994 May; 38(5): 1144-8.

In this publication, the authors evaluated the ability of lovastatin and simvastatin to inhibit, in vitro, growth and
development of Plasmodium jalc:parum and Babesia divergens, the causative agents of human malaria and bovine
babesiosis, respectively. B. divergens, in some cases, causes disease in humans.

Asynchronous parasite cultures (0.5% parasitemia and 1% hematocrit) of P. falciparum were maintained on human type
O* RBC in RPMI 1640 culture medium supplemented with 27.5 mM NaHCO,, 25 mM HEPES buffer (pH 7.4), 11 mM
glucose, and 10% human O* serum in an atmosphere of 3% CO,, 6% O,, and 91% N, at 37°C. The B. divergens
isolates were maintained in vitro in the same manner as P. falciparumn except the cultures contained 1% parasitemnia
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rather than 0.5%. Cultures were treated with lovastatin or simvastatin at various concentrations for 24 h. Parasite

growth was estimated in lovastatin or simvastatin treated cultures either by [3HJhypoxanthine incorporation for 18 and
16 h, respectively, or by Giemsa-stained smears made at the end of the experiment. Results are shown in the following

table.

Table 1 from Grellier, et al., 1994

Antiparasitic activities of HMG-CoA
reductase inhibitors

Mean IC, (ugml') + SD
Lovastatin’ Simvastatin

Parasite strain
P. faleiparum

F32/Tanzania 157 +6.5° 16.2+36"

FcB.1/Columbia 13.6 +3.7° 12.84+25°
B. divergens

Rouen 1987 84+03* 50+0.4°

Weybridge 8843 ND- 5.8¢

*From four expenments.

- "From three experiments. ... - c. .. .
‘ND, not determined.
*From two experiments.

Similar 1C,, values were obtained for lovastatin and simvastatin against the plasmodium strains; both IC,, values were in
the range of 10 to 20 ug/ml (~25 to SO uM). The drugs were equally effective against the chloroquine-susceptible
F32/Tanzania stain and the chloroquine-resistant FeB. 1/Columbia strain. IC,, values for B. divergens isolates were in
the range of 5 to 10 ug/ml (~12.5 to 25 uM) and suggest no difference in sensitivity between the two strains tested.

Subsequent inhibition assays with 6-h-pulse incubations of simvastatin with P. falciparum synchronized cultures
showed that the trophozoite stage of the erythrocytic life cycle is the stage at which the parasite is most susceptible to
simvastatin. Cylotoxic effects giving a complete inhibition of growth were observed for alf parasite stages only with
drug concentrations above 50 ug/ml (~125 uM). Reversal of parasite growth inhibition by excess of exogenous
mevalonate was unsuccessful and may have been due to the inability of non-drug treated P. falciprum infected RBC to
incorporate [14C]mevalonate. This observation suggests that the parasite is not capable of mevalonate uptake from the

assay medinm
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From these studies, the authors concluded that the achievable concentrations of HMG-CoA reductase inhibitors in
human plasma are unsuitable for a blood eradication of malaria by the current usage of this cholesterol-lowering agent.

Simvaslatin Antimicrobial Activity Against Parasiles:

Coppens, I, et al. Activity, pharmacological inhibition and biological regulation of 3-hydroxy-3-methylglutaryl
coenzyme A reductase in Trypanosoma brucei. Mol Biochem Parasitol. 1995a Jan; 69(1): 29-40.

In this study, the authors measured, in vitro, the activity of HMG-CoA reduclase in the bloodstream form and the
culture-adapted procyclic form (insect form) of Trypanosoma brucei, the causative agent of sleeping sickness in
humans. Synvinolin (simvastalin) was used as a tool to study the regulation of the activity of both HMG-CoA reductase
and the abundance of low density lipoprotein (LDL) receptors exposed on the parasite cell surface. In the process, the
effect of simvastatin on parasite growth and survival was determined. Simvastatin inhibited the growth of both procyclic
and bloodstream forms. In lipoprotein free medium the exponential growth of the procyclics was reduced 2-fold and the
sensitivity 1o synvinolin was enhanced approximately 20-50%. The effect was dose-dependent and increased with time
of exposure 1o the inhibitor (Table 1).

Table 1
1C,, (uM) of synvinolin on the growth of Trypanosoma brucei and rat foetal fibroblasts in culture

Bloodstream forms Procyclic forms Rat foetal fibroblasts

Lipoproteins in

the medium + + - +
Exponential

doubling time (h) 8-9 14 28 22
Incubation time (h)

24 NT 55+7 39+9 160+25
48 26+4 50+6 27+8 7549
69 NT 25+8 18+6 5147

Trypanosomes were grown as described in Materials and Methods in medium containing 10% complete serum (+) or
lipoprotein-free serum (-), in the presence of increasing concentrations of synvinolin. At the indicated times, the number
of typanosomes was estimated in a haemocytometer, while protein content of adherent fibroblasts was measured by the
Lowry assay. Values are means + SD of IC,,, calculaled from three separate experiments (NT, not tested).

In addition, growth of procyclics in complete serum showed similar IC,, values for 4 other inhibiters tested (compactin,
‘mevinolin; fluvastatin and RG 12561; 53+10 at 40 ki, 22+3 uM at 69 h of culture; combined means +SD), Howcver, -
growth inhibition due to simvastalin was reversible by products of the mevalonate pathway or by low-density lipoprotein
as shown in Table 2 below.
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Table 2
Reversal of procyclic growth inhibition due to synvinolin by products of the mevalonate pathway or by low-density

lipoprotein

Medium Growth (% of control)

Procyclics Bloodstream forms
Control 100% 100%
Synvinolin 5146% 4613%
Synvinolin + mevalonate (20 mM) 99+7% 88+7%
Synvinohn + squalene (100 uM) 81+5% 41+13%
Synvinolin + cholesterol (100 um) 89+9% 45+11%
Synvinolin + LDL (300 nM) 97+6% 95+7%

Procyclics were first incubated at 28° C in 10% of lipoprotein-free serum, while bloodstream forms were incubated at
37° C in 10% of complete serum, both with or without 25 uM synvinolin, for 40 h. Afler synvinolin priming, the
indicated products of the mevalonate pathway or LDL were added in the medium, and cells were further incubated for 48
h. Finally, the number of trypanosomes was estimated in a haemocylometer. Results are means + SD of three
experiments and expressed in % of control growth, where 100% corresponds to 5.5 10 m!™ procyclics and 2.5 10 ml™
bloodstream forms.

Interpretation of these date suggest that synvinolin inhibition of growth is reversed in procyclic forms by mevalonate,
squalene, cholesterol and LDL whereas in bloodstream forms growth inhibition is reversed only by mevalonate and
LDL.

Coppens, L, ct al. Exogenous and endogenous sources of sterols in the culture-adapted procyclic
trypomastigotes of Trypanosoma brucei. Mol Biochem Parasitol. 1995b Jul; 73(102): 179-88.

In this paper, the authors extend their work reported in their previous publication. They have demonstrated that
procyclics can synthesize their sterols as well as use imported exogenous cholesterol by LDL endocytosis through
specific receptors and incorporate this Iipid into their membranes. Major changes in the culture medium, such as
supplementation with excess LDL, total removal of lipoproteins, or exposure lo simvastatin have the capacity to induce
modifications in the rate of sterol biosynthesis and in the composition of membranes, as well as modify procyclics’
growth rate. These data suggest that procyelies can adapt to extremely different media, so as to maintain a regulated
supply of sterols.

Miscellaneous Lovastatin Antimicrobial Activity Studies.
Numerous additional publications with limited information conceming lovastatin antimicrobial activity were identified in
the published hiterature and are cited collectively immediately below this paragraph. The majority of these publications
employed Jovastatin as 2 molecular tool in molecular biology studies relative to the elucidation of isoprenoid and steroid
biosynthesis mechanisms. Both individually and collectively, these data were not considered as relevant for the purpose
of determining reclassification of lovastatin as an antibiotic drug. However, to complete the literature record, they are
cited in this report in the event Lhat subsequent discussion, relevant 10 the consideration of lovastatin's reclassification as
an antbiotic, would benefit by their inclusion.

Bard, M, et al. Isolation and characterization of mevinolin resistant mutants of Saccharomyces cercvisiae. J Gen
Microbiol. 1988 Apr; 134(Pt4): 1071-8.

Koning, AJ,, et al. Different subcellular localization of Saccharomyces cerevisiae HMG-CoA reductase isozymes at
elevated levels corresponds to distinct endoplasmic reticulum membrane proliferations. Mol Biol Cell. 1996 May,
7(S): 769-89




Lum, PY., et al. Molecular, functional and evolutionary characterization of the gene encoding HMG-CoA reductase in
the fission yeast, Schizosaccharomyces pombe. Yeast. 1996 Sep 15; 12(11): 1107-24.

Ng, WL, et al. Minimal replication ongin of the 200-kilobase Halobacterium plasmid pNRC100. J Bacteriol 1993
Aug; 175(15): 4584-96.

Rostand, KS,, et al. Cholesterol and cholesterol esters: host receptors for Pseudomonas aeruginosa adherence. J Biol
Chem. 1993 Nov I5; 268(32): 24053-9.

Smith, SJ., et al. Transcriptional regulation by ergosterol in the yeast Saccharomyces cerevisinae. Mol Cell Biol. 1996
Oct; 16(10): 5427-32.

Taraboulos, A., etal. Cholesterol depletion and modification of COOH-terminal targeting sequence of the prion protein
inhibit formation of the scrapie isoform [published erratum appears in J Cell Biol 1995 Jul: 130(2): 501]. J Cell Biol.
1995 Apr; 129(1): 121-32.

Vanderplasschen, A, et al. The replication in vitro of the gamma herpesvirus bovine herpesvirus 4 is restricted by its
DNA synthesis dependence on the S phase of the cell cycle. Virology. 1995 Nov 10; 213(2): 328-40.

DISCUSSION

Data useful for the analysis of whether a drug possesses antimicrobial activity sufficient to warrant its classification as an
antibtotic drug product may be obtained from a variety of studies. These studies may include data generated from
human clinical trials, animal models and/or from i vitro cell cultures. Obviously, data from adequate and well
controlled human clinical trials, wherein the antibiotic properties of a drug product have been well characterized, would
be the best source of information upon which to basc a decision. In the absence of human clinical data, one has two
choices with respect to drug classification decision making: 1) determine that the drug is a non-antibiotic drug because
relevant buman data are unavailable, or 2) utilize preclinical antimicrobial activity data extrapolated to relevant human
use circurnstances, where possible, in place of human data. Antimicrobial activity associated with lovastatin or related
"statin" class of drugs from human clinical studies has not been reported in the literature. Therefore, option 2 has been
addressed in this repon, recognizing that management may determine a decision based upon option 1.

Ideally, one should have standardized and validated preclinical models for the determination of antimicrobial activity.
The term, validaticn, refers to the circumstances where activity data developed from preclinical models are reproducible
and have been shown to be predictive and 1o correlate with activity subsequently determined in human clinical tals.
Unfortunately, the preclinical assays used for generation of antimicrobial data for HMG-CoA reductase inhibitors have
been neither standardized nor validated. . Consequently, considerable care should be taken vhien making attempts to.
determine relevance of preclinical activity data for human drug use parameters.

As a first step in the decision making process for classification of a drug as an antibiotic drug, a clear target definition of
antibiotic drug should be determined. As discussed in the background section of this report, the legal definition of an
antibiotic drug leaves some room for interpretation from at least two perspectives. First, the species of microorganisms
that must be inhibited by a drug product have not been specified. Second, the term "... inhibits in dilute solution ..." does
not include an interpretation as to the meaning of "dilute solution.” It is recognized that there may be several alternative
interpretations spplied to this mesning. However, for the purpose of this data analysis and report, the term "... inhibits in
dilute solution ..." is interpreted as the drug concentration in preclinical studies that elicits inhibitory activity against
microorganisms that correlates with clinically relevant human tissue drug concentrations. Human tissue drug
concentrations considered relevant are those that are achieved from doses administered to the human target populations
for the indicated use of the drug. The data provided in the Pharmacology section of this report suggest that the target
tissue drug concentration of relevance for lovastalin and simvastatin antimicrobial activity should be ~0.1 uM.
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Lovastatin and simvastalin in vifro antimicrobial activity was evaluated against a variety of bacieria, viruses, yeasts,
fungi, and parasites as summarized in Tables 1-3. None of the microorganisms evaluated in these studies was inhibited
by concentrations of lovastatin in vitro that were < 0.1 uM, the target concentration as specified in the definition of dilute
solution. However, several different species of microorganisms, including 4. holobinm, H. voleanii, HIV, R. gluiinis,
S. salmonicolor, P. blakesleeanus, T. cruzi amastigotes, and S. mansoni, were inhibited at 3- to 25-fold greater
concentrations than the 0.1 uM target. The remaining microorganisms were inhibited only by lovastatin in vifro at
concentrations more than 50-fold (range S0- to 1,900-fold) greater than that identified in the target definition of dilute
solution. Simvastatin antimicrobial activity was evatuated only in parasites (Table 3), the growth inhibition of which
required concentrations at Jeast 125-fold (range 125- to 1,250-fold) greater than the target definition stated above.
Reports of pravastatin antimicrobial activity were not found in the published literature.

The majority of the in vitro studies described in this report employed an experimental design that utilized minimal
media, supplemented with either low concentrations of serum or lipoprotein depleted serum, for microorganism growth.
This fact imposes a serious limitation upon interpretation of these data with respect to potential in vivo lovastatin
antimicrobial activity. For example, in vitro growth inhibitory effects of the HMG-CoA reductase inhibitor, compactin,
on Chinese hamster ovary cells (CHO) were shown to be dependent upon the amount of low density lipoprotein (LDL)
and mevalonate present in the growth medium (Goldstein, et al., 1979; cited in a review by Brown and Goldstein, 1980).
They reported that in the presence of either 2 uM or 40 uM compactin and in the absence of both LDL and mevalonate,
CHO cells failed to grow. On the other hand, growth inhibition of cells treated with 2 uM compactin was reversed by
the addition of 25 ug/ml LDL, but not by the addition of 0.5 mM mevalonate, to the culture medium. When cells were
treated with 40 uM compactin, neither 25 ug/ml LDL alone nor 0.5 mM mevalonate supported growth. However, the
combination of 25 ug/m] LDL and 0.5 mM mevalonate restored full growth of CHO cells even in the presence of 40 uM
compactin. Interpretation of these data shows that the MIC of compactin can be increased by a minimum of 20-fold (i.c.,
2 uM to 40 uM), and perhaps more, depending upon the composition of the growth medium with respect to LDL and
mevalonate content. The concentrations of LDL and mevalonate necessary to reverse HMG-CoA reductase inhibition of
cell growth are variable. In the absence of cholesterol, cell growth requires large amounts of mevalonate, most of which
is channeled into cholesterol biosynthesis. When cholesterol is present in saturating amounts, only a small amount of
mevalonate, required for isoprenoid biosynthesis, is necessary to support cell growth. In many of the publications
reviewed for this report, the antimicrobial activity of lovastatin was shown to be reversed by the addition of varying
amounts of mevalonate or aother praducts of the sterord or 1soprenoid biosynthetic pathways, such as LDL, cholesterol,
famesol, and squalene. Moreover, reversal of growth inhibition required less mevalonate m studies that employed
higher leve] of serum in their growth medium. Interpretations from these data suggest that antimicrobial activity of
HMG-CoA reductase inhibitors determined from these in vitro study results would be substantially diminished if the
assay media employed in these studies were not imited in serum and contained concentrations of mevalonate and LDL
normally present in vivo. These observations would suggest that HMG-CoA reductase inhibitors should exhibit
significantly less antimicrobial activity inn vivo than that observed in these in virro studies.

Only four murine animal model in vivo studics containing lovastatin antimicrobial activity data were identified in the
Iiterature; two studies on S. mansoni and two on T. cruzi. In S. mansoni, adult schistosome survival was reported 1o be
reduced 96-100% m mice fed 0.2% lovastatin (640 mg/kg) in their diet for 14 days (Chen, et al,, 1990). At 250 mg/kg,
adult schistosome survival was reported to be unaffected although egg production was inhibited 45.4% (Vandewaa, et
al,, 1989). In mice treated with 100 mg/kg lovastatin, egg production was unaffected while at 50 mg/kg egg production
was enhanced. Thus, it appears that considerably high levels of Jovastatin are required 1o inhibit S. monsoni adult
schistosomes and egg production in vivo, in spite of the in vitro sensitivity of S. mansoni also reported in these studies.

Canflicting data were reported concemning lovastatin’s antimicrobial activity against T. ¢rwzi infection in mice. Urbina,
el al,, 1993, reporied that lovastalin, as a single drug, was incapable of inhibiting parasitemia in infected mice, although
a dose of 20 mg/kg/day administered for 7 days increased survival 50% over untreated, infected, control mice. In
contrast, Brener, et al,, 1993, reported that lovastatin at 100 mg/kg/day exacerbated parasitemia approximately 3-fold
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over untreated controls and failed to provide a survival benefit. These data are in contrast (o results obtained from in
vitro studies where, at least for T. cruzi amastigotes, growth inhibitory concentrations were only 10-fold greater than the
target definition of "... inhibits in dilute solution . .." Lovastatin, at 1 uM, was reported to climinate 7. ¢cruzi amastigotes
from in vitro cell cultures within 192 h; whereas, epimastigotes required concentrations of 25 to 125 uM (Urbina, et al.,
1993; Florin-Christensen, et al., 1990). These results are consistent with the prediction that in vivo antimicrobial
activity of HMG-CoA reductase inhibitors would be substantially less than that reported from the in vitro studies.

Several publications also contained data on the antimicrobial effect of lovastatin in combination with azoles. Azoles are
known to inhibit ergosterol biosynthesis in yeasts and fungi. The rationale for the study design was two-fold. First,
lovastatin had been reported 1o inhibit sterol biosynthesis in the yeast, S. cerevisiae, and in the process increase cell
membrane permeability to exogenous sterols. It was anticipated that this increase in cell permeability would extend to
azoles present in the cultures, thus, potentiating antimicrobial activity of the azole. Secondly, lovastatin and azoles
inhibit two separate enzymes involved in the biosynthetic pathway of ergosterol, a sterol required for growth of fungi,
yeasts and some parasites. Exposure of a microorganism to drugs capable of inhibiting two separate targets in ergosterol
biosynthesis was anticipated to be able to maintain antimicrobial activity of the azole while permitting lower, perhaps
non-toxic, doses of azoles to be used in the treatment of infections.

In general, results from i vifro studies showed that lovastatin in combination with azole drugs resulted in a synergistic
antimicrobial interaction against several microorganisms. However, the same cautions pertaining to the in vitro
lovastatin antimicrobial data referred to above should be applied to these combination studies. In addition, combination
drug activity observed in a murine model of parasite infection was Jess impressive with respect to antiparasitic effects.
One report suggested a slight reduction in ketoconazole required to eliminate T. cruzi parasitemia in mice when used in
combination with Jovastatin (Urbina, et al., 1993). However, a separate report suggested an antagonistic interaction for
lovastatin and ketoconazole when used in combination against the same species of microorganism (Brener, et al., 1993).

Unfortunately, the in vivo results reported in the above studies are further complicated by the fact that the authors failed
to take mto consideration a very major concern. Ketoconazole and itraconazole are known to inhibit the cytochrome
P450 3A enzyme family responsible for the metabolism of lovastatin (Wang, et al., 1991; Back, et al., 1992; Rotstein,
etal, 1992). Inhibition of this enzyme by itraconazole has been shown to increase the concentration of Jovastatin by 20-
1o 30-fold in normal human subjects administered 200 mg itraconazole daily for 4 days followed by a single 40 mg dosc
of lovastatn on day four (Neuvonen, et al, 1996). In onc of the 12 subjects in the study, creatine phosphokinase
increased 10-fold within 24 hours following administration of the lovastatin dose, indicating skeletal muscle toxicity.
This increase did not occur when the subject was given the same lovastatin dose four weeks later without itraconazole.
Moreover, in transplant patients taking lovastatin and cyclosporine, a drug that inhibits cytochrome P450 enzyme CYP
3Ad, senious myopathies (attnbuted to increased plasma lovastatin concentrations) have been reported that can be
controlled by lovastatin dose reduction and careful monitoring of lovastatin plasma levels (Amadottir, et al., 1993).

While the authors of the studies for the evaluation of antimicrobial aclivity associated with lovastalin in combination
with ketoconazole focused on the potential to reduce interference with hepatic function and testosterone production
associated with high doses of ketoconazole, they failed 1o consider the effects of ketoconazole on increasing tissue
lovastatin concentrations and the potential for lovastatin induced toxicity exacerbation. [t is not clear from the data
available if lovastatin concentrations, when reduced sufficiently to avoid potential toxicity reactions, would elicit a
synergistic response with respect to keloconazole's antiparasitic aclivity to be meaningful Moreover, the concept of
lovastatin's ability to potentiate the activity of another drug that is not an antibictic may be irrelevant to the discussion.
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Table 1. Summary of Lovastatin in vitre Activity Against Bacteria and Viruses.

Microorganism Inhibitory Reference Comments
Inhibited Conen. (uM)

Escherichia coli >68.3 Zhou, et al, Inhibition of growth was not achieved. Eubactenia do

1991 not utilize acetyl CoA and mevalonate in biosynthesis
of isoprenoids.

Halobacterium holobium i-2 Cabrera, ctal,  Cells of the genus, Halobacterium, require >15% NaCl
1986 for growth. Inhibition reversed by 4 mM mevalonate.

Halobacterium volcanii 1-2 Lam, et., In minimal medium, MIC is 1-2 uM. In

20-40 1989 enriched medivm, MIC is 20-40 uML
Murine Leukemia Virus ND* Overmeyer, 2.5 uM lovastatin prevented maturation of MuLV's
MuLV) 1992 glycoprotein precursor, gPr90™, to the mature

Human Immunodeficiency

Virus (HIV)

Measles Virus

03

Maziere, et al.,

1994

Malvoisin, et al.,

1990

envelope glycoprotein, gp70°". Inhibition of virus
infectivity was not reported.

HO cells were adapted to grow in medium
supplemented with 1% serum to limit

exogenous cholesterol. Virus inhibition was
determined by a reverse transcriptase assay. Reverse
transcriptase was reduced ~10-fold afler lovastatin
treayment compared to untreated, infected controls.

Measles virus induced syncytia in Vero cells was
inhibited at ~15 uM Jovastatin. Inhibition of measles
virus infectivity was not reported.

*Not determined.

23




Table 2. Summary of Lovaslalin in vitro Activity Against Yeasts and Fungi

Microorganism Inhibitory Reference Comments
Inhibited Concen. (UMY

Rhodotorula glutinis ~025 Tkeura, et al., Cells were grown in 0.67% ycast nitrogen

Sporobaolomyces salmonicalor  ~2.5 1988 base with 0 5% glucose. Cell inhibition with

Aessosporon salmonicolor ~5.0* compactin was shown to be reversed, except

Citeromyces matritensis ~5.0 for C. matritensis, by addition of 10 mM
mevalonate to the culture medium.

Saccharoniyces cerevisiae >190 Lorenz, et al., Lovastatin at ~ 25 uM, in combination with

1990 ketoconazole, clotrimazole or miconazole,

decreased the MICs of these azoles 6-, 10-
and 32-fold, respectively, suggesting a
synergistic antimicrobial activity between
lovastatin and azoles against S. cerevisiae.

Candida albicans VA ~125 Sud, et al, Lovastatin, at concentrations between ~2 and

Candida albicans 7.22 ~250 1985 62.5 uM, gave a fourfold or greater reduction

Candida tropicalis >250 in ketoconazole MICs when used in

Torulopsis glabrata >250 combination studies. However, a fourfold

Aspergillus fumigatus 173 ~15 reduction for C. tropicalis and T. glabrata

Aspergillus fumigatus ~15 was not obtained. These data were generated

Aspergillus niger ~30 utilizing completely synthetic media.

Rhizopus rhizopodiformis ~125

Phycomyces blakesleeanus 1 Bejarano, et al.,  Fungus was grown on minimal agar medium.

1992 The observed inhibition by lovastatin was

reversed by the presence of 10 mM but not |
mM mevalonate,

Physarum polycephalum >25 Engstrom, et al., Inhibition of protein synthesis, DNA

1989

synthests, nuclear division and plasmodia
growth could be partially reversed by the
addition of mevalonate at concentrations > 0.4
mM.

*[nfubrtion determinerd with compactin only (Iovastatin is an analogue of compactin).
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Tablc 3. Summary of Lovastatin and Simvastatin in vifro Activity Against Parasites

Microorganism Inhibitory Reference Comments
Inhibited Concn. (uM)
Trypanosoma crun 2510125 Florin-Clsisten-  Lovastatin inhibiled growth in 2 dose dependent fashion; at 25 and 75 uM,
sen, et al, 1990  growth was progressively inhibited. However, 125 uM was required to kill most
of the rypanosomes. Squalene (100 ulf), but not cholesterol, was able to
reverse growth inhibition produced by 25 10 75 uM lovastatin.
Trypanosoma cruzi
epimadtigotes 501075 Urbina, et al, Growth was reduced 20-30% at Jovastalin concentrations of 7.5 uM. Comgplde
1993 uthibition was observed at 50 and 75 uM afler 144 h and 96 h of culture
incubation, respectively. Trypanocidal concentration of lovastatin was reduced
by a factor of 10 when incubated in combination with 0.1 uM ketoconazole.
amastigoles >1 Concentrations of lovastatin greater than 1 uM were cidal foc the Vero cells used
1o maintain the amastigotes in culture. Only 30% growth ishibition was
observed for the amastigote at ] uM lovastatin concentration. Lovastatin 0.75
uM in combination with 1 nM ketoconazole eliminsted amastigotes from cell
cultures afler 192 h of incubation. Terbinifine 1 uM, required 25 uM lovastatin
for comnplete growth inhibition.
Leishmania donovant
promastigotes ~200 Haughan, etal., L amazonensis was the strain most sensitive to lovastatin. In combination with
1992 miconazole, the 1C,, values of each drug could be reduced 2- to 10-fold
compared 10 when used as a single agents. At 25 uM, lovastalin had litile effect
Leishmania amazonensis osnt amastigoles in macrophage culture. Due to drug solubility problems, higher
promastigotes ~50 concentrations could not be tested.
amastigoles >25
Schistosoma mansoni >100 Momison, etal,  Egg production in S. mansoni grown in vitro with 50% horse serum could be
1986 depressed ~50% at | uM lovastatin. However, at 100 uM complete inhibition of
egg production was nol obtained and growth inhibition of adult mating pairs was
minimal. Egg production inhibition was not reversed by coincubation with 100
uM cholesterol. Reversal by inevalonate was not evaluated.
Schistosoma mansoni 10 Vandewaa, et al., Egg production in S. monsoni grown in vitro with 50% horse serum was
1989 inlubited ~5-fold at 10 uM lovastatin. Inhibition by lovastatin could be reversed
by the addition of either farnesal or mevalonate at 2 concentration of 80 uM.
Schisiosoma mansoni 11010 Chen, et al, Lovasiatin inhibition of adult schistosome motility and lactate production was
1990 time and dose dependent At 3 days incubation, 10 uM lovastatin reduced
molility and lactate production >50%; at 11 days of culture, doses of 1-10 uM
inhibited activity nearly 90%. Inhibition was reversed in the presence of 50 uM
mevalonate.
Giardia lamblia >200 Lujan, et a1, Protein isoprenylation and cell growth were inhibited in 2 dose dependent
1995 mamer with complete inhibition obtained by concentrations of compactin and
mevinolin 2200 uM. Data for mevinolin were not shawn. The inhibition could
- ' L " be reversed by the addition of 2 mM mevalonzte to the culture mecium.
Plasmodium falciporum
F12/Tunzania >]25M Grellier, ct al, 1C,, values for P. falciparum were in the range of 25 to 50 uM. However,
FeB!/Columbia >125% 1994 complate indubition of growth was observed only with concentrations >125 uM.
Simvastalin was tested against thesc organisms with similar results oblained,
Babesia divergens
Rouen 1987 ~12.5 10 25° Grellier, et al, Activity of Tovastatin was not determiined against the Weybridge strain.
Weybridge 8843 ~135* 1994

Trypanosoma brucel brucei  >20

Trypanosoma brucei
bloodstream forms  25%
procyclic forms 1810 55"
2210 53¢

Andersson, et al,
1996

Coppens, et al,
1995a

Lovastatin, at a concentration of 0.1 uM, blocked interferon gamuna induced
prohlerative responses of T. brucei brucei. However, growth of non-stimulated
parasites was not affected at concentrations as high as 20 uM.

Simvastatin inhibited the growth of both bloodstream and procyclic forms of T.
bruces with 1G,, values i the range of 25 uM and 18 1o 55 uM, respectively.

In fipoprotein free medium the exponential growth of the procyclics was reduced
2-fold and the sensitivity to simvastatin was erthanced approximately 20-50%.

“Not determined.
*Reported for simvastatin
‘Reported for lovastatin
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Table 4. Summarv of Lovastatin in vivo Activity Against Parasites

Microorganism
Inhibited

Inhibitory
Concn. {mg/kg)

Reference

Commenis

Schistosoma mansoni

Schistosoma mansoni

Trypanosoma cruzi

Trypanosomna cruzi

>250

640

Vandewaa, et al.,
1989

Chen, et al,
1990

Urbina, et al,,
1993

Brener, et al ,
1993

Adult schistosomes were unaffected in mice treated
with 250 mg/kg lovastatin orally for 10 days. Egg
production was inhibited 45.4% in these mice.
However, in mice Ueated with 50 mg/kg, egg
production was enhanced (degrec of enhancement not
reported) over that observed in control mice.

Adult schistosome survival was reduced 96-100% in
mice fed a diet consisting of 0.2% lovastatin (640

mg/kg/day) for 14 days.

Lovastatin as a single drug was incapable of inhibiting
parasitemia in infected mice. However, at a dose of 20
mgp/kg/day administered for 7 days, mouse survival was
promoted 50% over unireated controls. When a Jow
dose of lovastatin and ketoconazole were combined,
100% survival and almost complete suppression of
parasitemia were reported.

At a dose of 100 mg/kg/day administered for 19 days
post-infection, Jovastatin exacerbated parasitemia
approximately 3-fold over untreated controls and failed
to provide a survival benefit associated with treatment.
In combination studies with ketoconazole, lovastatin
appeared 10 elicit an antagonistic response with respect
to ketoconazole’s antiparasitic aclivity.

*Not determined.
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CONCLUSIONS
Lovastatin, simvastatin, and pravastatin are the only anti-hypercholesteolemia drug products in CDER that meet the part
of the antibiotic drug definition ... produced by microorganisms or any chemically synthesized cquivalent __.".

Antimicrobial activity associated with lovastatin, simvastatin, and pravastatin in humans studies was not found in the
published literature.

Antimicrobial activity associated with pravastatin was not found in the published literature.

Antimicrobial activity associated with lovastatin and simvastatin frem in vitro and in vive studies was reported.

The concentration of Jovastatin and simvastatin in plasma obtained from human subjects administered the maximum
approved dose daily for17 days, the target parameters relevant for the antibiotic drug definition “... inhibits in dilute

solution ...", was estimated to be ~0.1 uM.

None of the bacteria, viruses, yeasts, fungi, or parasites evaluated in the in vitro studies conducted for the assessment of
antimicrobial activity was inhibited by lovastatin or simvastatin concentrations of 0. 1uM.

Several species of microorganisms were inhibited at concentrations of lovastatin 3- to 25-fold greater than the target
lovastatin tissue concentration of 0.1 uM. The remainder were reported to be inhibited at concentrations of 50- to
1,900-fold greater than 0.1uM.

The majority of the in vitro studies utilized assays that severely restricted serum and lipoprotein. Growth inhibition by
HMG-CoA reductase inhibitors is known to be significantly enhanced when assayed in limited serum or lipoprotein
conditions.

Growth inhibition can be reversed by the addition of LDL and mevalonate to cultures.

These facts suggest that the in viiro assays used in these studies are artificial systemns and thal the antimicrobial activity
abserved for lovastatin and simvastatin in these assays would be substantially diminished in an in vivo environment.

As predicted, lovastatin antimicrobial activity in a murine model of Schistosoma mansoni and Trypanosoma cruzi
infections was reported to be minimal

If e targel human ussuc lovasiatiu and simvastatin concentration of 0.1 uM is used s 2 besis for the defimtion of -«

"... inhibits 1n dilute solution _..", the available data arc insufficient to support the conclusion that lovastatin, simvastatin,
and pravastatin have sufficiert antimicrobial activity to warrant their feclassification as antibiotic drugs.
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Citizen Petition

The undersigned submits this petition under 21 CF.R. §10.25(2) and
§10.30, to request the Commissioner of Food and Drugs to reclassify cyclosporine
(“CSA™) as a non-antibiotic drug and 1o remove it from the proposed list of drugs'
that are ineligible for marketing exclusivity and patent listing pursuant to Section
125(d) of the Food and Drug Administration Modermization Act of 1997
(“*FDAMA™.? In the alternative, the undersigned requests the Commissioner to
find that Restasis® is not an antibiotic drug product which falls under the
ineligibility provisions of Section 125(d) and to grant Restasis® three year
marketing exclusivity and patent listing rights pursuant to Section 505 of the Food

Drug & Cosmetic Act (“FDCA™).?

A. Action Requested

Petitioner Allergan Inc. is the holder of an approved new drug application
(“NDA”) for Restasis® Ophthalmic Emulsion, 0.05%, an ophthalmic formulation
which includes the active ingredient CSA and is indicated for the treatment of
“dry eye disease” in humans.* Historically, CSA and all drug products containing
CSA were regulated as antibiotics under the FDCA despite the fact that CSA

! See Marketing Exclusivity and Patent Provisions for Certain Antibiotic Drugs, 65 Fed. Reg. 3223-02,
Notice 99N-3088, proposed January 4, 2000 (to be codified at 21 C.F.R. pt. 314) (“Proposed Rule™).

7 Pub. L. No. 105-115, 111 Stat. 2296 (1997)

? Unless otherwise indicated, all references to the FDCA will be to sections of the Act rather than to
sections of the U.S.Code.
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exhibits no proven antibiotic properties and has never been approved or labeled
for any antibiotic use.

Before 1997, new antibiotic drugs were regulated under Section 507 of the
FDCA. In 1997, Congress repealed Section 507, moved antibiotic drug
regulation under Section 505 and declared certain pre-FDAMA antibiotic drugs
ineligible for various Hatch-Waxman benefits® including marketing exclusivity
and Orange Book patent listing. In 1998, FDA developed a Guidance Document
for Reviewers to explain the regulatory treatment of antibiotics following the
repeal of Section 507.% In January 2000, FDA proposed new regulations to
implement the repcal amendments (“Proposed Rule™).” These regulations contain
a list of antibiotic drugs (“exclusion list”), including CSA, that are ineligible for
Hatch Waxman benefits. Under the FDA’s Gudance and Proposed Rule, no
NDA containing an active moiety of any drug on the proposed exclusion list is
eligible for Hatch-Waxman benefits.

Allergan began development of Restasis® in September 1994, when it
took over an Investigational New Drug (“IND”) application then held by Sandoz.
On February 24, 1999, Allergan filed its NDA 21-023 for Restasis®. Allergan
received approvable letters from FDA on August 3, 1999, March 25, 2000 and
October 19, 2002; on December 23, 2002, Restasis® was approved pursuant to
Section 505. On March 3, 2003, FDA notified Allergan, by letter, of its Guidance
Document and Proposed Rule dealing with the repeal of Section 507. In that

* The approved drug product is an ophthalmic emulsion of cyclosporine 0.05%, glycerin, castor oil,
gmb'sor'muc 80, carbomer 1342 and sodium hydroxide 1o adjust the pH.

Unless otherwise indicated, the term “Hatch-Waxman benefits™ as used throughout this document means
the marketing exclusivity, patent listing and patent certification benefits made available to pioneer drug
manufacturers under Section 505.
¢ FDA's Guidance Document states that it “does not create or confer any rights on any person and docs pot
operate 10 bind FDA or the public. An alternative approach may be used if such approach satisfies the
applicable statute, regulations or both.” See GUIDANCE FOR INDUSTRY AND REVIEWERS: REPEAL OF
SECTION 507 OF THE FEDERAL FOOD, DRUG, AND COSMETIC ACT, U.S. DEP'T. OF HEALTH AND HUMAN
SERV., FOOD AND DRUG ADMIN. 1 fn 1 (1998).

" These regulations have never been adopted. See fn 1.
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letter, FDA stated it was reassigning the Restasis® NDA 21-023 to an antibiotic
application under NDA 50-790. Although Restasis® was not approved or labeled
for any antibiotic indication, FDA refused to grant three year exclusivity or to
accept patent information for Orange Book listing because Restasis® contains
CSA, a drug on the FDA’s exclusion list. As a result, Allergan currently has no
protection under Hatch-Waxman against generic versions of Restasis® which
could be approved at any time.

Allergan asserts that FDA’s refusal to grant Hatch-Waxman protection to
Restasis® is contrary to the FDCA and FDAMA and requests, therefore, that the

following actions be taken immediately:

1. Removal of CSA from the proposed antibiotic exclusion list; and

2. Listing of Restasis® in the Orange Book for three years of
marketing exclusivity as originally planned by FDA along with any
patents which claim Restasis® or methods of using Restasis®.®

B. Statement of Grounds

CSA is not an antibiotic and, in fact, functions quite differently than an
antibiotic. As explained further below, CSA should be removed from the FDA’s
antibiotic exclusion list for three reasons: (1) CSA was never approved by FDA
as an antibiotic or labeled for any antibiotic indications; (2) CSA was initially,
and mistakenly, classified as an antibiotic drug due solely to the literal reading of
an overbroad definition; and (3) the 1997 FDAMA repeal amendments, which
preclude marketing exclusivity for certain antibiotic drugs, were never intended to
apply to drugs that were approved by FDA under 505 and for non-antibiotic
indications. For these reasons, the inclusion of CSA on the FDA’s proposed

antibiotic exclusion list is both arbitrary and caprictous.

* Patents which claim Restasis® or methods of using the drug are U.S. Pat. Nos. 4,649,047, 4,839,342 and
5,474,979.
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Public policy also favors the removal of CSA from the exclusion list. By
maintaining the improper classification of CSA as an antibiotic, new uses for this
drug will not be pursued. Manufacturers will invest neither the time nor the
resources to discover new indications for CSA if they cannot be assured of
recovering their investments under the marketing exclusivity protections of the
FDCA. When Allergan first began clinical studies on new indications for CSA, it
understood that such indications would be eligible for Hatch-Waxman benefits
under Section 505. Nothing in the legislative history of FDAMA remotely
suggested to Allergan that such benefits were intended to be repealed. Moreover,
Allergan relied, to its current detriment, on representations by FDA over a 10 year
period that Restasis® was not an antibiotic drug and that exclusivity would be
awarded. CSA and Restasis®, therefore, must be accorded the same Hatch-
Waxman benefits available to other drugs regulated under Section 505.

Finally, despite CSA being on FDA’s proposed exclusion list, Restasis®
cannot be considered an “antibiotic drug™ within the meaning of Section 125 of
FDAMA. Restasis® was not the subject of an application for marketing received
by the FDA under Section 507 prior to FDAMA. Accordingly, Restasis® is
eligible to receive the Hatch-Waxman benefits accorded new antibiotic drug

products regulated under Section 505.

1. Regulatory Background

Traditionally, the FDA approved non-antibiotic drugs pursuant to Section
505 and antibiotic drugs pursuant to Section 507. Prior to the 1984 Hatch-
Waxman amendments, generic copies of non-antibiotic drugs were required to
undergo the same level of clinical testing on safety and efficacy as required for
pioneer drugs. For this reason, fcw non-antibiotic generics were approved before
1984. In the case of antibiotics, however, FDA routinely approved generic

versions under Section 507 pursuant to monographs that were established
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following initial drug approval. Thus, generic copies of antibiotics were not
required to undergo lengthy and expensive clinical trials in order to obtain FDA
approval. It was sufficient to show that they were identical to the chemical
compound described in the pioneer drug monograph.

Hatch-Waxman changed the way non-antibiotic drugs were approved.
Beginning in 1984, generic manufacturers were permitted to rely on the clinical
data and other information submitted by the pioneer drug manufacturer and, as
long as “bioequivalency” could be shown, the generic drug would be deemed safe
and effective. In essence, Hatch-Waxman minimized many of the traditional
distinctions between the two types of drug approval procedures. One other
procedural distinction that previously existed was the requirement for batch
certification of antibiotic drugs; however, this difference was also eliminated by
regulations adopted in 1982, which exempted all antibiotics from batch
certification.’

The 1982 regulations and 1984 amendments to the FDCA resulted in
antibiotic and non-antibiotic drugs being treated in a very similar fashion.'®
Nonetheless, some important differences continued to exist in terms of the
benefits available to drug manufacturers. One such benefit was five-year
exclusivity under Section 505. Section 507(e) contained a “transfer” provision
that required any antibiotic drug exempted from batch certification to be regulated
under Section 505 following initial approval under Section 507.'! This meant that
an antibiotic drug would not be eligible for any of the Section 505 Hatch-
Waxman benefits until afier it was initially approved and exempted from batch
certification. The effect of the transfer provision was to deny pioneer antibjotic
drugs the five-year exclusivity rights that Section 505 grants to all pioneer non-

antibiotic drugs. Nonetheless, three-year exclusivity was available under Section

See 21 C.F.R §433.1(1982).
" See Glaxo v. Heckler 623 F. Supp. 69 ( E.D.NC 1985) (“Glaxo I').
"' See Glaxo v. Bowen, 640 F. Supp. 933 (E.D. NC 1986 X*Glaxo II').
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505 for subsequent drug approvals (e.g. for new indications) as long as the
antibiotic NDA contained clinical data supporting safety and efficacy.!?
Following the Hatch-Waxman amendments in 1984, an antibiotic that was
initially approved under Section 507 and exempted from batch certification was
regulated identically to, and under the same statutory provisions as, & non-
antibiotic drug. Indeed, many antibiotics such as CSA were regulated in this
manner until the 1997. In that year, Congress enacted FDAMA, which, among
other things, repealed Section 507 and placed all remaining antibiotic drug
regulation®® under Section 505. Congress’ reason for doing this was to make
five-year exclusivity available for pioneer antibiotic drugs to stimulate new
research and investment.'* The repeal amendment, set forth in Section 125(d) of
FDAMA, also contained specific exclusionary language to ensure that antibiotic
drugs that already had been the subject of industry research (i.e. approved
antibiotics and Section 507 applications “received” by FDA prior to FDAMA)
would not benefit from this new grant of exclusivity. Subsequently, FDA
proposed regulations to implement the repeal of Section 507 and compiled a list
of antibiotic drugs (including CSA) which would be subject to the Section
125(d)(2) exclusionary rules. FDA also proposed that any NDA submitted after
1997 that contains an antibiotic on the exclusion list would not be eligible for

Hatch-Waxman benefits.

2. The Definition of “Antibiotic Drugs” was not Meant to Include CSA

CSA has never been approved by the FDA or labeled for any antibiotic
indications and should not be considered an antibiotic drug under the law.
Because no manufacturer has ever sought an antibiotic indication for CSA or

submitted data to FDA showing CSA to be safe and efTective as an antibiotic

"2 1d. See FDCA §§ S05(cX3XD) and 505GX3XD).
" Pioneer antibiotic approvals and antibiotics not exempt from batch centification were then still regulated
under Section 507.
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agent, it should never have been regulated under Section 507. This historical
oversight by FDA is an insufficient basis for denying Hatch-Waxman benefits for
new drug products that provide new uses of CSA.

CSA was first approved by FDA in 1983 and regulated under Section 507
pursuant to the following antibiotic drug definition'®

"antibiotic drug" means any drug intended for use by man containing any

guantity of any chemical substance which is produced by a micro-

organism and which has the capacity to inhibit or destroy micro-organisms

in dilute solution (including the chemically synthesized equivalent of any

such substance).
What is striking about this definition is its overbreadth. Applied literally, it
encompasses products that are neither approved nor marketed for antibiotic
indications. Indeed, it includes any drug product that contains even the smallest
amount of any chemical substance produced by any microorganism as long as the
substance has the capacity to inhibit or destroy any other microorganisms in a
dilute solution. It does not matter bow therapeutically ineffective such drug
substance might be as an antibiotic nor how miniscule the drug’s capacity for
inhibiting other microorganisms. Moreover, the definition provides no guidance
on what is meant by the term “inhibit” or what constitutes a “dilute solution.” As
a result, the statute’s overbroad language forces upon FDA and drug
manufacturers a regulatory scheme that may, in fact, have nothing whatsoever to
do with any antibiotic therapy -- an outcome plainly at odds with what Congress
intended when it adopted Section 507. '

Common sense dictates that any drug approved and regulated by FDA as
an antibiotic must include the following essential elements: the drug must exhibit

** House Rep. No. 105-310, 105® Cong., Ist Sess. 77(1997).
** Scction 507 contains essentially the same definition now found in Section 2011

* Congressional intent for defining antibiotics under Section 507 was to cncourage the development of
antibiotic drugs by standardizing the approval process for this important class of chemical entities. At the
time, Congress was unaware that the ultimate definition would prove to be overbroad and would include
new technologies including drugs produced using recombinant DNA technologies.
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at least some therapeutic properties of an antibiotic; it must contain at least one
approved antibiotic indication; and it must be labeled and marketed as an
antibiotic. Absent such essential elements, FDA would be forced to apply the
definition to a host of drugs that are produced by micro-organisms but which are
not thought to be, nor are regulated as, antibiotics.'” For example, under a literal
reading of the statute any drug produced by recombinant DNA technology would
have to be tested for its capacity to inhibit micro-organism growth in a dilute
solution and, if found to satisfy this requirement, would have to be approved as an
antibiotic regardless of the indications being sought.'® Many drugs approved as
biologics would also have to be evaluated in this same fashion. Yet many such
drugs are routinely approved by FDA under the non-antibiotic drug provisions of
Section 505 and under the biologic provisions of the Public Health Service Act."’
What this indicates is FDA uses additional screening criteria when determining
whether a particular drug should be classified as an antibiotic and made to
undergo the antibiotic approval process.

One obvious criterion is whether the drug manufacturer is seeking to have
its drug labeled for antibiotic indications. In the examples cited (e.g. recombinant
DNA and biologics), the drugs were obviously not seeking antibiotic labeling and
thus, were approved under non-antibiotic provisions in the law. Applying the
same criterion to CSA, once it was clear that CSA was not being approved for
any antibiotic indications it should never have been classified as an antibiotic and

regulated under Section 507.

" For an interesting list of possible drugs that may qualify see the pre-FDAMA drugs in the list of
Approved Biotechnology Drugs 1999 available ar http://www.bio.org/aboutbio/guide2 html (last visited
May 28, 2003).

"By definition, a drug produced by recombinant DNA technology is produced by a microorganism, and
thus should have been tested for inhibitory effect. Examples of such drugs are non-antibiotic approved
drugs such as insulin, human growth hormone, other hormones, alglucerase, cladribine etc, and a host of
biologics approved chemical entities including interferons, interleuldns, erythropoeitin, streptokinase, ctc.
" Public Health Service Act, Pub. L. No. 107-377, 58 Stat. 682 (codificd as amended at 42 U.S.C. §§201-
300hh-11 (2002)).
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FDA cannot be allowed to arbitrarily pick and choose how it wants to
classify drugs in isolation from the rest of the FDCA. To ignore the FDCA’s

overarching regulatory scheme of safety and effectiveness, in deference to an

overbroad definition that is inconsistently applied, is to regulate in an arbitrary
and capricious manner in violation of Constitutional requirements.”’ FDA must
apply its drug classification regulations consistent with how drugs are approved
and labeled. In such event, neither CSA nor Restasis® should be classified as an
antibiotic drug under the FDCA.

3. CSA was Initiallv Repulated Under Section 507 by Mistake.

In 1957, a program was set up at Sandoz Ltd. whereby employees on
business trips and vacations would gather soil samples as part of the search for
new antibiotics from fungal metabolites.? In 1970, the fungus Tolypocladium
inflatum™ was isolated from two soil samples. Sandoz then set up a rigorous
screening program that identified unknown metabolites from samples of fungi
and tested them through a series of 50 pharmacological tests. Based on such
testing, CSA was shown 1o have very weak inhibition of growth for a very select
group of fungi and was virtually abandoned by Sandoz because of its lack of

antibiotic activity. Eventually, however, CSA was revived when it was also

A statute should not be read in isolation. FDA v. Brown & Williamson, 120 S.Ct.1291 (2000). Rather, the
words of the statute must be read in their comtext with a view to their place in the overall statutory scheme.
Id at 1301 (quoting Davis v. Michigan Dept of Treasury, 489 U.S. 803 (1989)). The statutory definition of
antibiotic drug, if read in isolation from the rest of the FDCA or applied out of context with the rest of the
statutory language, can result in a regulatory taking. See Kolender v. Lawson, 461 U.S. 352, 357 (1983)
(holding that to be Constitutional a statute must not lend itsclf to arbitrary enforcement).
! The historical information in this section is all taken from an excellent discussion of the history of the
development of cyclosporin that is available online as Harrict Upton, Origin of Drugs in Current Use: The
Cyclosporin Story, available at )
bup//www oldkingdom.orp/UG_projects/Harriet Upton/Harriet_Upton htm (last visited 03/27/2003). See
also Karl Heusler and Alfred Pletscher, The Controversial Early History of Cyclosporine, 131 Swiss MED.
WKLY 299-302 (2001); 1.F. Borel and Z.L. Kis, The Discovery and Development of Cyclosporine
(Sandimmune®), 23 TRANSPLANT PROC. 1867-74 (1991); and H.F. Stahelin, The History of Cyclosporine A
gandimmune ) Revisited: Another Point of View, 52 EXPERIENTIA 5-13 (1996).

Cyclosporine is now taken from other fungal sources, but the molecule is the same,
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found to have strong immunosuppressive activity. After much debate and further
study, CSA was approved in November 1983 for the prevention of transplant
rejection.”

CSA has always functioned therapeutically as an immunomodulator. It
suppresses the growth of T-cells by blocking a specific chemical pathway.** More
specifically, it has been shown to block the signal in lymphocytes to produce IL-1,
IL-2, IL-3, IL-4 and y-interferon, which results in the suppression of T-cell
proliferation. Hence, CSA is not an antibiotic. Antibiotics act to kill or inhibit the
growth of bacteria or other organisms in a human host. When dealing with
infections, the last thing one would want to do is suppress the immune system.
Understood in this manner, CSA operates essentially as an anti-antibiotic. Given
its immunosuppressive properties, a doctor would never prescribe CSA to combat
infection. Moreover, it is unclear that such a treatment would be worthwhile even
for a fungal infection involving one of the few fungi that CSA was shown to
inhibit in vitro. In view of other available effective antifungal therapies, it would
make little clinical sense to suppress the very system that is in need of bolstering;
accordingly, CSA cannot be considered an antibiotic within any accepted
scientific meaning of such term.

CSA was originally submitted to FDA and accepted as an antibiotic
because it met the overbroad definition in Section 507 based on the early studies
performed showing the weak inhibition of certain fungi. As noted, however, CSA
was never submitted to FDA for any antibiotic indications of use. And because
there was little difference 1n the approval processes for antibiotic and non-

antibiotic drugs when CSA was first approved, no advantage was to be gained

= Since that time, CSA has also been approved for use against severe psoriasis and rheumnatoid arthrigs.
" Cyclosporine specifically blocks activation of the phosphorylase enzyme calcineurin, which affects the
immune response cascade. See Alexander M. Marsland and Christopher E.M. Griffiths, The AMacrolide
Immunosuppressants in Dermatology: Mechanisms of Action, 12 EURO. J DERM. 6 (November-December
2002).
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from one classification or another.”® Asa result, CSA was inadvertently
classified and accepted as an antibiotic in 1983.

Since CSA’s initial approval, three additional indications have been
approved for CSA in different forms. These indications are severe psoriasis and
rheumnatoid arthritis, both approved in 1997, and for dry eye (Restasis®)
approved in 2002. None of these indications are antibiotic in nature and each
benefit from the immunomodulatory effects of CSA. Immunomodulators work
exactly the opposite of antibiotics in that they have immunosuppressive effects
and not antimicrobial effects found in antibiotics. Given the regulatory history of
CSA including all of the approved indications for use, it is clear that CSA should
be classified as a non-antibiotic drug. In this regard, the final arbiter of any
drug’s classification must be the approved indications for use or such
classification scheme becomes meaningless and arbitrary. For FDA to continue
denying CSA its proper classification as a non-antibiotic drug will be to
compound a 20-year-old mistake; accordingly, FDA must remove CSA from the

proposed exclusion list.

4. Allergan has Detrimentally Relied on FDA’s Representations that CSA

and Restasis® are not Antibiotic Drugs.

For over 10 years Allergan had been in discusstons with FDA on the
development of its CSA-containing drug, Restasis®, and not once, prior to NDA
approval, did FDA ever indicate to Allergan that Restasis® should be regulated as
an antibiotic. It was only afier Allergan had expended more than $5 million on
research, development and clinical trials that FDA suddenly and unexpectedly
declared, afler approval, that Restasis® was an antibiotic drug ineligible for
Hatch-Waxman benefits. Allergan submits that it is patently unfair for FDA to

reclassify Restasis® at such a late date, so as to deny it the important Hatch-

» See Glaxo I, fn 10 supra.
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‘Waxman benefits to which Allergan assumed 1t was entitled and which are
accorded to other drugs similarly approved under Section 505. Had Allergan
known ahead of time that Restasis® would be without any protections against
generic entry, it likely would not have risked the substantial investment required
to develop the product.

Allergan first began discussing CSA drug development with the FDA on
June 17, 1992, after being authorized by Sandoz, the holder of the original CSA
NDA. Allergan held a pre-IND meeting with FDA on July 11, 1994, during
which FDA requested Allergan to investigate any changes in conjunctival flora —
before and after treatment -- to determine whether CSA’s immunosuppressive
properties might cause infections. There were no discussions whatsoever as to
CSA having any antimicrobial effects. On September 29, 1994, Sandoz
transferred its IND rights to Allergan.

On February 24, 1999, Allergan filed its NDA (No. 21-023) for Restasis®
requesting five vears of exclusivity and received approvable letters from FDA on

August 3, 1999, March 25, 2000 and October 19, 2000. On December 23, 2002,

Restasis® was approved. Seven days later, FDA’s Project Manager (HFD-550)
contacted Allergan to say that Allergan had made a mistake on its exclusivity

request and would be eligible for three vears of exclusivity rather than the five

years originally requested. Allergan, at this time, fully expected that FDA was
carrying out its administrative function typical of approved 505 applications and
would file all submitted patents in the Orange Book and list the three years of
exclusivity. On January 21, 2003, Allergan was again contacted by the Project
Manager and this time was told that it would be receiving no exclusivity based on
FDA’s “proposed” regulations that classified CSA, and all drugs containing CSA,
as antibiotics. On March 3, 2003, FDA reclassified Restasis® as an antibiotic
and issued a new NDA number 50-790.
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Based on this record, there can be little doubt that Allergan was mislead
by FDA from the beginning as to the proper classification of Restasis®. The drug
had been developed and submitted under the non-antibiotic provisions of Section
505%¢ and both Allergan and FDA discussed the Hatch-Waxman benefits that
would be available upon approval. Allergan relied in good faith and to its
detriment on the various statements, instructions and other representations made
by FDA that Restasis® was not being treated as an antibiotic drug. Had there
been any cause to doubt, during thel0 years of FDA oversight, that such
classification might be incorrect Allergan would have immediately addressed and
resolved the matter in order to protect its substantial investment in this new drug.

As matters now stand, generic versions of Restasis® can be inexpensively
developed and routinely approved by FDA, at any time, putting Allergan’s entire
$5 million plus invested in Restasis® at risk. This is grossly unfair to Allergan
and its stockholders who are forced to bear the cost of FDA’s oversight. Under
the circumstances, the proper course of action is for FDA to take corrective action
by removing CSA from its proposed exclusion list and declaring Restasis® to be
eligible for the Hatch-Waxman benefits under Section 505.27 FDA has the

i Allergan’s NDA, for example did not contain any microbiology data that is required for an antibiotic
drug approval. See 21 CF.R §314.50(d)4).

Government agencics, like private corporations, have an obligation to conduct their affairs in a
reasonably cfficient manner. See Potomac Elec. Power Co. v. ICC, 702 F.2d 1026, 1034
(D.C.Cir.1983) (warning that "excessive delay saps the public confidence in an agency’s ability to
dischargc its responsibilities™). An entity that chooses to indulge inefficiencies cannot expect to
be granted special dispensations. If "[t]he mills of the bureaucrats grind slow,” United States v.

Meyer, 808 F.2d 912, 913 (15t Cir.1987), then the agency, having called the tune, must pay the
piper. See, e.g., United States v. Baus, 834 F2d 1114, 1123 (15t Cir.1987) (holding that the
.. .. Bovernment "should not be allowed by words and inaction to Jull 2 party into a false sense of . __ . . _ . . ___
security and then by an abrupt volte-face strip the party of its defenses™); Cutler v. Hayes, 818
F.2d 879, 896 (D.C.Cir.1987) (explaining that, when an administrative agency loiters, “the
consequences of dilatoriness may be great™). Texaco Puerto Rico Inc. v Dep't. of Consumer
Affairs, 60 F3d 867, 879 (1995).
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requisite authority under FDCA and FDAMA to 1ake such action and, moreover,

the equities in this matter compel that such corrective actions be taken.?*

5 Restasis® is not an “Antibiotic Drug” within the meaning of Section

125 (dY2) of FDAMA.
When Congress passed FDAMA in 1997, it repealed Section 507
specifically to make pioneer antibiotic drugs eligible for the Hatch-Waxman

benefits.” Congress believed that five-year exclusivity was needed to increase
industry “research toward the development of new antibiotics.” Congress made
clear that it wanted to stimulate new research, rather than to reward old
research,?® and thus, it was careful to limit the grant of new rights “to those
products that are New Chemical Entities and to products for which a New Drug
Application has not been submitted to FDA.

Section 125(d) of FDAMA carried out this regulatory scheme. Subsection
(d)(1) set forth the general rule that any antibiotic drug previously approved by
FDA under Section 507 would, henceforth, be regarded as having been approved
under Section 505 3%; and subsection (d)(2) provided an “Exception” to the Hatch-

Waxman benefits for any antibiotic drugs which were the subject of applications

** The FDAMA repeal amendment was directed to antibiotic drugs that were properly regulated under
Section 507. A drug that was improperly or mistakenly regulated under Section 507 was never intended by
Congress to be denied the Hatch-Waxman benefits under Section 505.
B InGlaxa [, 2 drug manufacturer argued that the transfer provision, in fact, conferred Section 505
marketing exclusivity on the new antibiotic drug as of the FDA application filing date thereby qualifying
such drug for five years of marketing exclusivity. The district court disagreed with this reading of the
statute, and held that “{o]nly following approval is an antibiotic drug then exempted and treated as a
nonantibiotic by virtue of [the] ransfer provision.
* Applications received by the FDA prior to FDAMA were, by definition, the subject of antibiotic rescarch
. =nd development activities that had already been completed. _Five-year exclusivity was not nceded,
therefore, to incentivize the pursuit of these applications.
?! See supra fa 13 and accompanying text.
? By treating pre-FDAMA approvals as having been made under Section 505, Congress ¢liminated the
possibility of the any approved drug, or active ingredient of any approved drug, becoming eligible for five-
year exclusivity.
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that had been filed under Section 507 and received by FDA prior to FDAMA . »
Together these provisions brought all new antibiotic drug applications within the
scope of Section 505 but without creating new rights in existing drug products.

In the January 2000 Proposed Rule implementing the Section 507 repeal,
FDA interpreted Section 125(d)(2) in an unusual manner. It interpreted the
amendment as actually denying Hatch-Waxman benefits for any antibiotic drug
product —~ old or new — if the product’s active moiety was previously the subject
of an application received under Section 507. Under such interpretation, any
antibiotic product regulated under Section 505 prior to FDAMA would no longer
be eligible for Hatch-Waxman benefits pursuant to the Section 507(e) transfer
provision.* Moreover, any Hatch-Waxman benefits, which were in existence at
the time of FDAMA passage, would now be pullified. Such a reading of the
repeal amendments, which comes perilously close to a legislative taking, finds no
support anywhere in the public record. Indeed, the rare bit of legislative history
that deals with Section 507 repeal comes from the House Report, which states
that new grant of exclusivity was intended to increase drug research on new
“products” — not just active moieties. Had Congress intended Section 125(d)(2)
to limit Hatch-Waxman benefits to new active moieties rather than new antibiotic
products, it presumably would have spoken clearly as it had in the 1984

amendments.>

) Section 125(dX2) provides that various Hatch-Waxman rights shall not apply “to any application for
marketing in which the drug that is the subject of the application contains an antibiotic drug and the
antiblotic drug was the subject of any application for marketing reccived [by the FDA) under Section 507
...before the date of [FDAMAL]." (emphasis added).

* CSA was initially approved in 1983 and exempted from batch certification in the 1984 pursuant to an
FDA monograph. Hence, any CSA-based drug product submitted to FDA with clinical wials, prior to the
passage of FDAMA, would have been eligible for three-year marketing exclusivity and patent listing rights
in the Orange Book under Section 505 and the holdings in Glaxa I and 1. .
** It must be presumed that Congress knew the difference between drugs and active moietics when it
drafied Section 125. The original exclusivity provisions in the 1984 Hatch-Waxman Act referred 1o 2
drug’s “active ingredicnts™, a term that FDA found later to be synonymous with active moiety. Congress
chose not 1o use the same term in its FDAMA amendments and FDA is required to give significance to
such fact.
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Instead, Congress specifically elected to use the term “antibiotic drug,™$

which is defined broadly in the FDCA as “any drug containing any quantity of
any chemical substance ...or any derivative thereof.™ To determine what
Congress meant by such term in the context of Section 125(d)(2), FDA chose not
1o Jook 1o the plain language in the statute but to the FDA’s history of applying
Hatch-Waxman exclusivity. It found that it had consistently looked at a drug’s
active moicty®® in determining whether exclusivity protections should apply and
concluded from this that the same test should be used for limiting the Hatch-
Waxman benefits under the FDAMA repeal amendments.”® But such analysis is
flawed as it ignores the fact that in 1984, when marketing exclusivity was first
introduced, Congress specifically directed the FDA to look to a drug product’s

active ingredient -- a term which FDA considers synonymous with active moiety

-- when determining such nghts. By comparison, the 1997 amendments do not

contain a single reference to an antibiotic drug’s active ingredient, a term with

which Congress was long familiar. If anything then, FDA should have construed

the term “antibiotic drug” to mean antibiotic drug product rather than antibiotic

active moiety. Such interpretation would give effect to Congress’ intent of
encouraging research and development of new antibiotic products and would
preserve the Hatch-Waxman benefits that were available, prior to FDAMA, to
new antibiotic drug products like Restasis®.

Insofar as Restasis® is a drug product that was not the subject of any
Section 507 marketing application “received” by FDA prior to FDAMA and was
never developed as an antibiotic drug nor shown to have any antibiotic properties

during its many years of development, it does not come within the exclusionary

See supra fn. 15 and accompanying text.
721 U.S.C. § 321(jj) (200) (emphasis added).
%" An active_moicty is defined narrowly by FDA as “the molecule or ion responsible for the physiological
or pharmacological action of the drug substance.™ 21 C.F.R. § 314.108 (2) (2002).

Y See Proposed Rulc at 3625.
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language of Section 125(d)(2). Restasis®, therefore, is eligible for Hatch-
Waxman benefits based on its Section 505 approval.

Conclusion

CSA should be removed from the FDA’s exclusion list for the reasons
stated. In any event, Restasis® is neither approved nor labeled for any antibiotic
indications and, therefore, cannot be considered an antibiotic drug under the law.
Restasis® must be given the full Hatch-Waxman benefits provided under Section
505. To deny such benefits represents a gross misreading of the 1997 FDAMA
repeal amendments and will stifle industry research on npew drug products in
contravention of Congressional intent, public policy and the FDCA.

C. Environmental Impact

This petition 1s categorically excluded from the environmental impact

statement requirement under 21 C.F.R. §25.31.

D. Economic Impact

The Commissioner has not requested any economic impact information at

this time.
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E. Certification
The undersigned certifies, that to the best of his knowledge and belief, this

petition includes all information and views on which the petition relies, and that it
includes representative data and information known to the petitioner, which are

unfavorable to the petition.

Fish & Richardson P.C.
1425 K Street

11* Floor

Washington D.C. 20005

Counsel for Petitioner —

cc: Christine F. Rogers

e
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PETITION FOR STAY OF ACTION

The undersigned submits this Petition for Stay of Action under 21 C.F.R.
§ 10.35, on behalf of Allergan, Inc., requesting FDA to stay its approval of all Section
505(j) Abbreviated New Drug Applications (*“ANDAs™) and Section 505(b)(2) New
Drug Applications for generic versions of Restasis®, Ophthalmic Emulsion 0.05%,
pending disposition of Allergan’s pending Citizen Petition in Docket No. 2003P-
275/CP-1. In addition, Allergan requests that FDA immediately list Allergan’s
patents for Restasis® in the Orange Book. Allergan seeks a decision on this stz;y
petition as soon as possible and no later than thirty days after it has been received by
the FDA. Allergan will considér any failure to grant such relief in that period of time

a final decision of the FDA for purposes of seeking judicial review.

A. Decision Involved

On June 13, 2003, Allergan filed a Citizen Petition requesting that it be
accorded three years of market exclusivity along with Orange Book patent listing
rights for Restasis® (NDA 21-023), approved on December 23,2002, under Section
505 of the Food Drug & Cosmetic Act (“FDCA™). Allergan’s Citizen Petition was

necessitated by FDA’s subsequent and improper reclassification, on March 3, 2003,

of Restasis® as an antibiotic drug product (NDA 50-790). This reclassification

occurred some three months after Restasis® was approved by FDA under Section
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505, some ten years after development first began and after Allergan spent over $47
million dollars in Research and Development costs. By reclassifying Restasis® in
this manner, FDA rendered the drug ineligible for Hatch-Waxman benefits pursuant
to a proposed, but yet to be adopted, rule implementing Section 125(d) of the Food
and Drug Administration Modernization Act of 1997 (FDAMA). FDA has not yet

acted on Allergan’s Citizen Petition.

B. Action Requested
FDA is requested to stay its approval of all ANDAs and Section 505(b)(2)

applications for generic versions of Restasis® until it has ruled on Allergan’s pending
Citizen Petition and, if FDA denies that petition in whole or in part, until twenty days
after that decision to permit Allergan to seek a judicial stay. Allergan believes that
the need for a stay in this case is particularly compelling because of the streamlined
regulations set forth in 21 C.F.R. § 320.22 (b) which apply to bioequivalency
determinations for generic ophthalmic solutions. In particular, Section 320.22(b)
requires that FDA “shall” waive the requirement for evidence of in vivo
bioequivalency upon a showing that a generic ophthalmic solution contains the same
aétive and inactive ingredients in the same concentration as the reference listed drug.
Generic manufacturers of Restasis®, therefore, are in a position to receive rapid
approval of their ANDAs and Section 505(b)(2) applic:ations.l Without the right to
list Restasis® patents in the Orange Book, Allergan will not receive any notice that
gencric applications have been submitted to FDA nor will it be able to take advantage
of the thirty month stay provisions should patent litigation ensue. To avoid
irreparable harm to Allergan, FDA is requested to adhere to its initial and correct
classification and approval of Restasis® as a non-antibiotic drug product eligible for

Hatch-Waxman benefits or, in the alternative, to find that Restasis® is a new

' In a companion filing to this Petition, Allergan is amending its Citizen Petition to provide evidence of
its current U.S. investment in Restasis® -- a sum which exceeds $47 million.
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antibiotic drug product that does not fall within the Hatch-Waxman ineligibility
provisions of Section 125 of FDAMA.

In either event, Allergan further requests that FDA immediately list Allergan’s
patents for Restasis® in the Orange Book, at least until such time as the Citizen
Petition has been decided and Allergan has an opportunity for judicial review of that
decision. Accordingly, Allergan is resubmitting the patent information for Restasis®
as Exhibit A to this petition. FDA improperly refused to list the patent information
for this drug at the time of its approval. That listing should now occur, at least
provisionally during the pendency of the requested stay. FDA’s failure to grant
Allergan patent listing rights along with the right to receive notice of generic drug
applications and approvals under 21 U.S.C. §§ 355(b), (c), and () will prejudice

Allergan’s ability to enforce its patents pursuant to Section 271(e)(2) and protect its

investment in Restasis®.

C. Statement Of Grounds
1. Mandatory Stay

Under 21 C.F.R. § 10.35(e), FDA must grant a stay of action if all of the

following apply:

() the petitioner will otherwise suffer irreparable injury

(b) the petitioner’s case is not frivolous and is being pursued in good faith;

(c) the petitioner has demonstrated sound public policy grounds
supporting the stay; and

(d) the delay resulting from the stay is not outweighed by public health oc
other public interests.

As demonstrated below, all of these criteria are met.

a. Allergan will suffer irreparable injury
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If this Petition for stay is denied by FDA and generic versions of Restasis®
are approved and enter the market, it is axiomatic that Allergan will immediately lose
significant sales and market share. Even if a court should subsequently overtum the
FDA’s denial of this Petition, Allergan will be unable to recoup such losses; thus, it
will be irreparably harmed.

Such harm is not a remote possibility. Restasis® has been hailed as “the first
prescription treatment that has been shown to help improve the quality and quantity
of tears” for treating dry eye syndrome, a common ailment. Absent a favorable
ruling on the Citizen Petition and this Petition to Stay, Restasis® will not receive
three years of market exclusivity and Allergan will not be given the opportunity to
enforce its patents under Hatch-Waxman. Manufacturers of low cost generics will be
able to cash in quickly on the tremendous market potential for this new drug, putting
Allergan’s investment of more than $47 million in Restasis® at risk. Because such
losses can never be recovered once genernic products enter the market, there can be

little doubt that Allergan will be irreparably harmed by a denial of this Petition.?

b. Allergan’s case is not frivolous and is being pursued
in good faith

? Stefanie Weiss, How Dry Eye Am, Washington Post, July 1, 2003, at F5 (attached as Exhibit B). See
also Lynda Charters, Restasis Approval A Milestone For Dry Eye, Ophthalmology Times, February f,
2003, at 1 (“The FDA approval of cyclosporine ophthalmic emulsion 0.05% (Restasis, Allergan) Dec.
26 marked a landmark for ophthalmology. The eye drop therapy for moderate to severe
keratoconjunctivitis sicca is unique in that it treats the inflammatory process that causes the condition,
and not just its symptoms.”) (attached as Exhibit C); Laurie Barber, M.D,, Clinical Experience with
Cyclosporine (Restasis) for Dry Eye, March 2003, available at
http://fwww.evetowncenter.com/evetc/11.541/0.21/0.22/0.145/0.1/0.0/0.0/articles.htm (“There is
considerable pent-up demand among dry eye patients who have simply given up on the medical
profession.”) (attached as Exhibit D); Michelle Stephenson, The Flap's Important Role In LASIK-
Induced Dry EyelRestasis: Geuting beyond the dry facts, Eye World, July 2003 (available at
http://www eyeworld.ore/july03/0703p36 html (“*When Restasis (Allergan, Irvine, Calif.) gained Food
and Drug Administration approval last December, for the first time ophthalmologists found that they
were able to get at the underlying cause of dry eye disease rather than simply offering patients

?alliative options.”) (attached as Exhibit E).
See CollaGenex Pharmaceuticals, Inc. v. Thompson, CV 03-1405 (D.C.D.C. July 22, 2003), in which

the court discusses the devastating impact of generic entry on pioneer drugs.
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Allergan’s Citizen Petition makes a compelling case for the relief requested.
As explained in the Citizen Petition, Allergan is suffering the consequences of
repeated FDA errors concerning the historic regulation of cyclosporine (CSA), the
active ingredient in Restasis®.

FDA’s first error occurred in 1983 when CSA was inappropriately classified
as an antibiotic drug despite the fact that CSA does not function as an antibiotic and
had never been approved for any antibiotic indications. In point of fact, CSA has
been shown to be an immunosuppressive compound that functions essentially as an
“anti-antibiotic.” For this reason, Restasis® is contraindicated for patients with eye
infections -- conditions that are commonly treated with antibiotic drugs.’

Significantly, one court recently held that the FDA cannot classify a drug
product as an antibiotic if, in fact, it exhibits no antibiotic properties. See CollaGenex
Pharmaceuticals, Inc. v. Thompson, CV 03-1405 (D.C.D.C. July 22, 2003) (attached
as Exhibit F). In CollaGenex, the district court enjoined FDA from approving any
ANDAs for a generic version of Penostat® (doxycycline hyclate 20 mg) because, at
the concentration of the active ingredient authorized, the drug product did not have
the capacity to inhibit or kill microorganisms as required of an antibiotic drug under
21 U.S.C. § 321(jj). Similar to the situation here, CSA, in the concentration approved
for Restasis® (0.05%), has never been shown to have any capacity to inhibit or kill
microorganisms. Based on the holding in CollaGenex, Restasis® cannot be properly
classified as an antibiotic drug.

At the time of FDA’s decision in 1983, its consequences were minimal

because antibiotic drugs were not then discriminated against for purposes of Hatch-

‘As Allergan’s Citizen Petition explains, an immunosuppressive reagent is essentially the opposite of
an antibiotic, which inhibits or destroys microorganisms. Ia contrast, an immunosuppressive reagent
enables microorganism growth because it suppresses the immune system by blocking activation of the
hosphorylase enzyme calcineurin. See Citizen Petition at 10.
See Restasis® product information sheet, available at www.restasis.com (“RESTASIS™ 1s
contraindicated in patients with active ocular infections.™).
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Waxman as they are today. In any event, Allergan was not a party-in-interest to that
early determination.

FDA’s second error occurred 1n 2000 when it construed FDAMAs so-called
“antibiotic repeal” provisions in a manner that penalizes pioneer drug manufacturers,
contrary to Congressional design. As Allergan explains in its Citizen Petition,
Section 125 of FDAMA was intended to stimulate research and investment in new
antibiotic drugs by making pioneer antibiotics newly eligible for Hatch-Waxman
benefits.® To avoid any unintended windfalls to manufacturers of “old” antibiotics,
Congress placed restrictions on certain drug approvals. Thus, Section 125(d)(2)
provides that any antibiotic drug that was “the subject of any application for
marketing received {by FDA] under Section 507 . . . before [passage of FDAMA]”

would be ineligible for Hatch-Waxman benefits (e.g., market exclusivity, patent

certification and Orange Book listing).’

Restasis®, however, had not previously been the subject of a Section 507
application received by FDA and, therefore, Allergan was operating under the clear
assumption that FDAMA’s “exception” to Hatch-Waxman had no applicability/.
Allergan’s assumption squared with the statutory language, the clear Congressional
intent and the public comments of several of the drafters.® Accordingly, Allergan had
every reason to expect that Restasis® would be eligible for Hatch-Waxman benefits
upon approval — an expectation that was confirmed by FDA’s initial classification of
Restasis® as a 20,000-series (non-antibiotic) application (NDA 21-023) in February

1999, and subsequent approval in December 2002.

¢ House Rep. No. 105-310, 105th Cong., st Sess. 77 (1997). Prior to 1997, antibiotics were regulated
under Section 507 and thus, ineligible for Section 505 Hatch-Waxman benefits.

7 This “exception” to Hatch-Waxman was in recognition of the fact that any antibiotic drug product
that had been “received” by FDA prior to FDAMA was, by definition, one which already had been
fully developed and clinically tested and therefore, was not in need of new “research and investment”
which Hatch-Waxman was designed to stimulate.

¥ See letter from Rep. Tom Bliley, Chairman, House Commerce Committee, Rep. Michael Bilirakis,
Chairman, House Commerce Subcommittee on Health and Environment, and Richard Burr, member of
the House Commerce Commitiee to Michael A. Friedman, M.D., Lead Deputy Commissioner, U.S.
FDA (May 21, 1998), reprinted in FDA WEEK, January 28, 2000
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In January 2000, however, FDA released a “proposed rule™ which construed
Section 125(b)(2) as denying Hatch-Waxman benefits to any NDA containing an
“active moiety” of any antibiotic drug that had ever been the subject of an application
received under Section 507.° FDA prepared a list of such pre-FDAMA antibiotic
drugs that included CSA. Under FDA’s novel and arbitrary interpretation of Section
125, Restasis® would fall within the Hatch-Waxman exception if it were classified as
an antibiotic drug product.

FDA’s third and most recent error was its post-approval reclassification of
Restasis® as an antibiotic drug product. After having already approved Restasis® as
a 20,000-series nonantibiotic drug; on December 23, 2002, after many years of
treating Restasis® as an immunosuppressive drug for purposes of approval, FDA
unexpectedly changed course and reclassified it as a 50,000-series antibiotic drug on
March 3, 2003, making it ineligible for Hatch-Waxman benefits under FDA’s
enforcement of its proposed rule. Allergan relied on FDA’s previous classification
when it continued investing tens of millions of dollars into the research and
development of Restasis®. FDA should therefore be estopped from changing course
so late in the process. FDA'’s action unfairly denies Restasis® the Hatch-Waxman
rights to three years of market exclusivity and Orange Book patent listing which are

vital to its commercial success. For these reasons, Allergan’s cause of action is non-

frivolous and is being pursued in good faith.

c. Sound public policy grounds support the stay
Hatch-Waxman represents a carefully balanced compromise between pioneer
and generic drug manufacturers. [t is intended to encourage the costly research and
development efforts that lead to the discovery of new drugs while, at the same time,

expedite the availability of safe, effective, and less expensive versions of approved

% See Marketing Exclusivity and Patent Provisions for Certain Antibiotic Drugs, 65 Fed. Reg. 3623-02,
Notice 99N-3088, proposed January 24, 2000 (Proposed Rule). .
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drugs. FDA’s arbitrary classification of the immunosuppressive drugs CSA and
Restasis® as antibiotic drugs not eligible for Hatch-Waxman benefits significantly
deprives Allergan, as the NDA holder, of the benefits of the carefully crafted Hatch-
Waxman bargain. Moreover, such improper classification confers a potential
windfall on ANDA and 505(b)(2) applicants who are now in a position to obtain rapid
approvals of generic versions of Restasis® based on Allergan’s clinical data. Such
windfall is especially unfair in the case of ophthalmic solutions where bioequivalency
may be determined to be self-evident under 21 C.F.R. § 320.22. Because Hatch-
Waxman benefits are critical to stimulating research and development of costly new
drug.products, any action which threatens the balance struck by Congress between

pioneer drug manufacturers and generics also threatens the public interest. A stay in

this case, therefore, is supported by sound policy goals.

d. Any delay will not harm the public interest

Allergan plans to seek court review if FDA denies its Citizen Petition or this
Petition for Stay. Allergan anticipates that a court would view this case as raising
significant public policy concems and would decide the case quickly, minimizing the
impact of any delay in generic approvals.

Indeed, Allergan is not the only company to have strongly disagreed with
FDA’s proposed rules interpreting of Hatch-Waxman’s impact on antibiotic drugs.
Several other drug manufacturers, as well as Pharmaceutical Research and
Manufacturers of America (“PhRMA?”), filed extensive comments on the FDA’s

proposed rule, challenging its unusual and arbitrary interpretation of FDAMA..'°

19 See Comment from PhRMA of April 24, 2000 (arguing that FDAMA applies only to antibiotic drug
products, not active moieties) (attached as Exhibit G); Comment from SmithKline Beecham of April
14, 2000 (same) (attached as Exhibit H); Comment from Merck of April 21, 2000 (disagreeing with
FDA’s interpretation of “active moiety”) (attached as Exhibit I); Comment from Alcon of April 21,
2000 (arguing that “old™ antibiotics still receive Hatch-Waxman benefits under 35 U.S.C. § 271(e)(2))
(attached as Exhibit J), and Comment from AstraZeneca of January 24, 2001 (arguing that FDA
improperly classified meropenem as an antibiotic, not an anti-infective agent) (attached as Exhibit K).



FisH & RiICHARDSON P.C.,D. A.

Daockets Management Branch
August 1, 2003
Page 9

These comments provide powerful evidence that the legislative drafters of Section
125 did not intend to exclude new antibiotic drug products from receiving Hatch-
Waxman benefits under Section 505."

There is no public health benefit or other issue of public interest in sustaining
arbitrary and capricious drug classifications that deprive NDA holders of their
exclusivity and marketing rights under the applicable statutes and regulations. Nor is
there any public interest in allowing approval of generic drugs under an illegitimate
classification system. “The public’s interest in ‘the faithful application of the laws’
outweigh[s] its interest in immediate access to [a competing] product.” Mova

Pharmaceutical Corp. v. Shalala, 140 F.3d 1060, 1066 (D.C. Cir. 1998).

2. Discretionary Stay

Finally, even if FDA finds that the criteria for a mandatory stay set forth
above are not met, FDA may nevertheless grant a discretionary stay if it is “in the
public interest and in the interest of justice.” 21 C.F.R. § 10.35(¢). The issues raised
by Allergan’s Citizen Petition are both novel and important. In CollaGenex, a case
involving similar questions of drug classification, the pioneer drug manufacturer
obtained a court-imposed stay much like Allergan is seeking. FDA, therefore, should
grant this stay request pending resolution of these issues for all similarly situated
manufacturers. Such issues are far from being settled, as evidenced by the pendency
of FDA’s three year old proposed rules dealing with antibiotic drug classifications,
yet the FDA has proceeded to enforce those rules prematurely. The public interest

and the interests of justice demand expeditious, certain, and even-handed resolution

of the issues.

D. Conclusion

”[d
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Allergan’s Citizen Petition asks that FDA remove CSA from the list of
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proposed antibiotics that ar
alternatively to find that Restasis® is not an antibiotic drug product. The FDA has
erred in its classification of CSA as an antibiotic compound and its interpretation of
FDAMA as excluding Restasis® from eligibility for Hatch-Waxman benefits. These
errors have stripped away Allergan’s rights to market exclusivity and Orange Book
patent listing for Restasis® after an expenditure of over $47 million dollars in costs
and years of reliance on FDA’s previous position that the drug was not an antibiotic.

For the reasons provided herein, FDA should, within thirty days of this
petition, grant a stay of approval of all ANDA and 505(b)(2) applications for generic
forms of Restasis® pending a final determination on Allergan’s pending Citizen
Petition. In addition, at least until FDA makes a decision on the Citizen Petition,
FDA should list the patents for Restasis® in the Orange Book to alleviate the current
harm being done to Allergan under FDA’s enforcement of its proposed rule. Should
FDA ultimately deny the relief requested herein, Allergan asks that it be given

sufficient time (at least twenty days) to seek a judicial stay before FDA approves any

generic drug applications.

Respectfully submitted,

Dins 7% Zy é«:ﬂw&/

Terry G. Mahn

Wendy S. Vicente

Fish & Richardson P.C.
1425 K Street

1 1th Floor

Washington, D.C. 20005

Counsel for Petitioner
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DECLARATION OF DIANE D-S. TANG-LIU, Ph.D.
Diane D-S. Tang-Liu, Ph.D. makes the following declaration:

1. I am Vice President of Pharmacokinetics and Drug Metabolism, Research
and Development, at Allergan, Inc. Ihave worked at Allergan for the past twenty years
in various capacities. Additionally, [ am a Professor at the School of Pharmacy and
Department of Pharmaceutical Sciences at the University of Southern California. A full
statement of my education and professional accomplishments is contained in my

curriculum vitae, which is attached as Exhibit A to this Declaration.

2. I have been asked to comment on the human tissue concentrations of
cyclosporine A (“CsA”) after recommended twice daily dosing of Restasis®
(cyclosporine ophthalmic emulsif)n 0.05%) and in particular on the question of whether
any such concentrations would reach the level of 0.1 micrograms per milliliter. Restasis®
1s a topical eye drop preparation of CsA used for the treatment of moderate and severe
dry eye. It acts as an immunosuppressant, not as an anti-infective or as an antibiotic, and
suppresées the immune system targeting the actual cause of dry eye disease. I have had
extensive experience with the research, development, and FDA approval of Restasis®. I
am the authority at Allergan on the pharmacokinetics of Restasis®, and have conducted

experiments to measure blood concentrations of CsA after applying Restasis®.

Furthermore, I have reviewed all of the relevant literature regarding the ocular



pharmacokinetics and ocular tissue levels of CsA after application to the ocular surface.

3. Human blood levels of CsA after twice daily administration of Restasis®

are nondetectable. Allergan has attempted to detect blood CsA concentrations using a.
specific and sensitive high pressure liquid chromatography-mass spectrometry assay.
Blood concentrations of CsA, in all of the specimens collected, after administration of
Restasis® 0.05% to the ocular surface twice a day, in humans for up to twelve months,
were below the quantitation limit of 0.1 nanograms per milliliter (i.e., 0.0001 micrograms

per milliliter). Furthermore, there was no detectable drug accumulation in blood during

the twelve months of treatment with Restasis®.

4. Unlike drawing blood from a patient’s vein, sampling ocular tissues for
the purpose of measuring CsA concentrations after administration to the ocular surface is
difficult and in most cases, because ocular biopsy would create inappropriate risks in dry
eye treatment, ethically prohibited. As a result, studies measuring CsA concentrations in
human ocular tissues after the application of Restasis® are not available. Therefore, there
is no evidence that the ocular tissue concentrations of CsA after twice-daily Restasis®

would result in concentrations at or above 0.1 micrograms per milliliter in ocular tissues

or any other human tissues of the body.

S. The CsA molecule is relatively large, and when applied to the surface of
the eye, very little of the drug penetrates through the ocular surface. Based on my
experience with the development of Restasis® and my review of all available data on the

pharmacokinetics of cyclosporine applied to the ocular surface, I conclude that use of



